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READ THIS..,

This book is for the entertainment
and edification of experimenters

and hobbyists. While reasonable
care has been exercised with regard
to the accuracy of the information
in this book, the author and publisher
assume no responsibility for errors,
omissions or suitability for any ap-
plication. Neither do we assume any
liability for any damages resulting
from use of this information. It

is your responsibility to determine
if use, manufacture or sale of any
device incorporating one or more
circuits in this book infringes any
patents, copyrights or other rights.

Due to the large volume of mail re-
ceived by Radio Shack and the author,
it is impossible to answer letters
requesting custom circuit designs,
technical advice, troubleshooting
assistance, etc. But though we can-
not acknowledge individual letters,
we will nevertheless be delighted to
review carefully your comments, im-
pressions and suggestions about this
book. Address your comments to:

Engineer's Notebook

Radio Shack Technical Publications
Dept. DG

1100 One Tandy Center

Fort Worth, TX 76102

Thanks in advance to those who write.

-
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INTEGRATED CIRCUIT INDEX
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INTRODUCTION

Though I've kept engineering
notebooks for 15 years, the
idea for this notebook came
from Gary Burkhart, Radio
Shack's parts buyer, and Dave
Gunzel, manager of Radio
Shack's publications division.
Gary has long wanted to in-
clude in his parts line a no-
frills sourcebook of circuits
for every Radio Shack IC. He
and Dave have invested many
hours answering my questions,
providing components and tech-
nical information and reviewing
the circuits. I'm grateful
for their assistance.

Unless otherwise acknowledged,
the circuits in this notebook
are adapted from these sources:

1. Applications information pub-
lished by the manufacturers of
the various ICs.

2. My engineering notebooks.

3. "Experimenter's Corner" and
"Project of the Month," two
columns I write each month for
POPULAR ELECTRONICS magazine.

Many of the circuits were devel-
oped specifically for this note-
book. I hope you enjoy working
with them as much as I have!

ForeaX M. Miwa,IT

HOW TO USE THIS BOOK

To squeeze the maximum number
of circuits into this notebook,
only essential information is
provided. Therefore you will
want to use this notebook in
conjunction with Radio Shack's
"Semiconductor Reference Hand-
book" and other data books.

For a quickie review of impor-
tant components and construc-
tion tips, read the next few
pages. The remainder of the
notebook is divided into two
major sections: digital and
linear. The digital section
is further divided into two
major IC families: MOS/CMOS
and TTL/LS. The chips in each
section are organized accord-
ing to function, not numerical
sequence.

Though most circuits in this
book can function on their own,

consider them as building blocks
you can connect to other circuits
to accomplish new applications.
Experiment! Change resistors and
capacitors in RC circuits to alter
frequencies and timing. Add new
functions. Above all, work with
as many different chips as you can.
If you've always used TTL, you'll
be impressed with the operating
flexibility of CMOS. If your
forte is digital logic. you'll be
amazed at what you can do with an
op—amp. Finally, keep a record
of your experiments and circuit
designs. A notebook with a grid
ruling like this one is best, but
a 50¢ spiral notebook is OK.

For beginners only....Be sure to
read the next few pages! Begin
with simple chips (gate packages,
timers, op-amps, etc.), and you'll
soon be ready for more advanced
circuits and projects. Good luck!

5



REVIEWING THE BASICS

INTRODUCTION

"Can I use a 0.22 uF capacitor
instead of a 0.10 uF unit?"

"Is it OK to substitute a
12,000 ohm resistor for a
10,000 ohm unit?"

This section will tackle these
common questions and many
others. Master them, and you
will be well prepared to tack-
le the circuits in this book!

RESISTORS

Resistors limit the flow of
electrical current. A resis-
tor has a resistance (R) of 1
ohm if a current (I) of 1 am-
pere flows through it when a
potential difference (E) of 1
volt is placed across it. 1In
other words:

E

R =
J

(or) I =-§-(or) E = IR

These handy formulas form
Ohm's law. Memorize them!
You'll use them often.

Resistors are identified by a
color code:

i
NS

COLOR 1L 2 3 (Multiplier)
BLACK 0] 0] 1
BROWN 1 1 10
RED 2 2 100
ORANGE 3 3 1000
YELLOW 4 4 10,000
GREEN 5 5) 100,000
BLUE 6 6 1,000,000
VIOLET 7 7 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 (none)

6

A fourth color band may be pre-
sent. It specifies the tolerance
of the resistor. Gold is t 5%
and silver is + 10%. No fourth
band means + 20%.

Since no resistor has a perfect
tolerance, it's often OK to sub-
stitute resistors. For example,
it's almost always OK to use a
1.8K resistor in place of a 2.0K
unit. Just try to stay within
10-20% of the specified value.

What does K mean? 1It's short for
1,000. 20K means 20 x 1,000 or
20,000 ohms. M is short for meg-
ohm or 1,000,000 ohms. Therefore
a 2.2M resistor has a resistance
of 2,200,000 ohms.

Resistors which resist lots of
current must be able to dissipate
the heat that's produced. Always
use resistors with the specified
power rating! No power rating
specified? Then it's usually OK
to use 1/4 or 1/2 watt units.

Almost every electronic circuit
uses resistors. Here are three

of the most important applications
for resistors:

l. Limit current to LEDs, transis-
tors, speakers, etc.

2. Voltage division. For instance:

+I10 Vv The voltage at ? is
I x R2. I means the
current through Rl and
R R2. So I = 10/(R1 + R2)
1K or 0.005 amperes.
? Therefore, ? = (0.005)
Ko (LI00:0)3 Olae SOt S,
R2
1K Note that the total
resistance of Rl and
3 R2 is simply R1 + R2.
This rule provides a
handy trick for making
custom resistances.

() )
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Voltage dividers are used to
bias transistors:

VOLTAGE

DIWVIDER
ouT

N

+

They're also a convenient
source of variable voltage:

+10V

POTENTIOMETER
(VARIABLE ¢
RESISTOR)

O-10 VOLTS

And they're useful in voltage
sensing circuits. See the
comparator circuits in this
notebook.

3. They control the charging

time of capacitors. Read on...

CAPACITORS

Capacitors store electrical
energy and block ths flow of
direct current while passing
alternating current. Capaci-
tance is specified in farads.
One farad represents a huge
capacitance so most capaci-
tors have values of small
fractions of a farad:

1 microfarad (uF)= 10 6 farad
1 picofarad (pF)= 10-12 farad
or
1l vwfF = 1,000,000 pF

The value of a capacitor is
usually printed on the compo-
nent. The uF and pF designa-
tions may not be present.
Small ones marked 1-1000 are
rated in pF; larger ones

marked .001-1000 are rated in uF.

Electrolytic capacitors provide
high capacity in a small space.
Their leads are polarized and
must be connected into a circuit
in the proper direction.

@A

TRESE LEADS MUST GO
N___TO THE MOST POSITIVE
CONNECTION FPOINT,

Capacitors have a voltage rating.
It's usually printed under the
capacity marking. The voltage
rating must be higher than the
highest expected voltage (usually
the power supply voltage).

Caution: A capacitor can store a
charge for a considerable time
after power is removed. This
charge can be dangerous! A large
electrolytic capacitor charged to
only 5 or 10 volts can melt the
tip of a screwdriver placed across
its leads! High voltage capaci-
tors can store a lethal charge!
Discharge a capacitor by careful -
ly placing a resistor (1K or more;
use Ohm's law) across its leads.
Use only one hand to prevent
touching both leads of the capac-
itor.

Important capacitor applications:

1. Remove power supply spikes.
(Place 0.01-0.1 uF across power

supply pins of digital ICs. Stops
false triggering.)

2. Smooth rectified AC voltage
into steady DC voltage. (Place

100-10,000 uF across rectifier
output.)

Bis
() A e =

RECTIFIER




3. Block DC signal while pass-
ing AC signal.

4. Bypass AC signal around a
circuit or to ground.

5. Filter out unwanted portions
of a fluctuating signal.

6. Use with resistor to inte-
grate a fluctuating signal:

+i3F-- E[: OGN

7. Or to differentiate a
fluctuating signal:

Mji{:w

8. Perform a timing function:
4 PRE;S R
EEES 7 S
Ll TV HA

C will quickly charge...then
slowly discharge through R.

9. Store a charge to keep a
transistor turned off or on.

10. Store a charge to be dumped
through a flashtube or LED in a

fast and powerful pulse.

Can you substitute capacitors?
In most cases changing the value
of a capacitor 10% or even 100%
will not cause a malfunction,
but circuit operation may be
affected. In a timing circuit,
for example, increasing the
value of the timing capacitor
will increase the timing period.
Changing the capacitors in a
filter will change the filter's
frequency response. Be sure to
use the proper voltage rating.
And don't worry about the differ-
ence between 0.47 and 0.5 uF.

8

SEMICONDUCTORS

Usually made from silicon. Be sure
to observe all operating restric-
tions. Brief descriptions of im-
portant semiconductor devices:

DIODES

Permit current to flow in but one
direction (forward bias). Used
to rectify AC, allow current to
flow into a circuit but block its
return, etc.

TR e & T S E Y

ZENER DIODES

The zener diode is a voltage regu-
lator. 1In this typical circuit,
voltage exceeding the diode's
breakdown voltage is shunted to
ground:

13
ot + .
ouT 3
IN DI OuT (v) o
GND 3 6 9 12

IN(V)
DIl = 6 VoLT ZENER DIODE

Zeners can also protect voltage
sensitive components and provide
a convenient reference voltage.

LIGHT EMITTING DIODES

LEDs emit green, yellow, red or
infrared when forward biased. A
series resistor should be used to
limit current to less than the
maximum allowed:

Vee Re Vee - VLED
LEDI

Example: Vpgp of red
LED is 1.7 volts. For
LED a forward current
¥y (LEDy) of 20 mA at
Vee = 5 volts, R =
- 330 ohms. Don't ex-
ceed LEDy!!

=3
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MANUFACTURER

Infrared LEDs are much more
powerful than visible LEDs,
but their radiation is total-
ly invisible. Use them for
object detectors and communi-
cators.

TRANSISTORS

In this notebook, transistors
are used as simple amplifiers

and switches that turn on LEDs.

Any general purpose switching
transistors will work.

INTEGRATED CIRCUITS

Since an IC is a complete cir-
cuit on a silicon chip, you
must observe all operating re-

strictions. Reversed polarity,

excessive supply voltage and
sourcing or sinking too much
current can destroy an IC. Be
sure to pay close attention to
the location of the power sup-
ply pins! Most ICs are pack-

aged in 8, 14 or 16 pin plastic

DIPs (Dual In-line Packages).

A notch or circle is near pin 1:

When the IC is right side up,
pin 1 is at lower left:

PART NUMBER
(MOTOROLA) (4021)

\ @ [l [ [ [ FE
@ MCIHO2IR =<
)

o 7 CP7824
L'_I%H}_J [T 15T & [

DATE CODE:

78= 1978
24= 24% weex

Incidentally, a date code may not
be present, but other numbers may
be...and the date code is not al-
ways below the device number:

_! 7835 DATE CODE |4AY¥ 7820
CD4066RBCN
Z14L MM S(6G BN
211490 4066

Store ICs in a plastic cabinet if
you can afford one. Or insert
them in rows in a styrofoam tray
(the kind used for meat in a gro-
cery store). CAUTION: Never

store MOS/CMOS ICs in ordinary
non-conductive plastic. See p. 1l2.

CIRCUIT BUILDING

Build your circuits on a solder-
less breadboard to make changes
and find bugs. Then make perma-
nent versions. Radio Shack plas-
tic modular sockets (276-173, etc.)
are ideal. They include two sock-
et rows for power supply connec-
tions and snap rails for attaching
sockets together. Parts and wires
can be inserted directly into the
holes in the socket.

For permanent circuits, use Radio
Shack PC boards. Catalog numbers
276-024 and 276-151 are ideal for
simple IC projects. Use larger
universal PC boards for more com-
plex projects (276-152 & 276-157).
You can cut them into smaller
sections with a nibbler tool or
small saw.

I prefer to use wrapping wire for
IC projects. Insert wrapping sock-
ets in board and make connections
with a Wire-Wrapping tool (such as
276-1570) . Apply wrapping wire
directly to leads of transistors,
resistors, etc. and solder in
place.

Ic¢
WRAPFING SOCKET

UNIWERSAL Pc BOARD

V-
<~
A\
“ 7
SOLDER \—/WRAPPING WIRE
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DIGITAL INTEGRATED CIRCUITS

INTRODUCTION

DIGITAL ICs ARE 2-STATE DEVICES.
ONE STATE 1S NEAR O VOLTS ©R
GROUND (LOW OR L) AND THE OTHER
1S NEAR THE IC'S SuppPLY VOLTAGE
(HIGH OR H). SUBSTITUTE O FOR L
AND | FOR H AND DIGITAL ICs
CAN PROCESS INDIVIDUAL B/IMARY
DigiTs (BITS) OR
A 4-BIT WORD IS A NIBBLE AND AN
8-gIY woRD IS A BYTE,

THE BINARY SYSTEM

IT'e VERY HELPFUL TO KnowW THE

FIRST b BINARY NUMBERS . IF O=L
AND | = H,  THEY ARE:

O-LLLL 8 —HLLL

I = L L LH 9-HLLH

2 -L LHL lo- H L HL
3-LLAHAH N —-H“HH

Yy~ LHLL 12— HALL
5S§—-—LHLH 12 - 4 4 L H

L—-— LHHL iH— HH RL
7-LHHH IS~ HA HH

NOTE THAT LLLL(O) 15 AS MUCH A
NUMBER AS ANY OTHER MUMBER.

LOGIC GATES

LoGgiIC CilrcuiTsS ARE MADE BY INTER-
CONNECTING TwWO OR MORE OF TRESE
BASIC LoGlC G ATES:

AD_‘)OUT A BjouT
¥ Ll e
L H{ L
AND noL| L
H HI H

A:D’—’OUT A BlouT
& L | H
I H H
NAND ALl K
H H L

MULT!PLE B8IT wWwWORDS,

w
o
Lom
—

IxTrr|»
L rxi
o e o ol o

QUT

T

IxxTr r-|P
Tr I r |oe
rro-

> P
[¢]
c
-
»
®
o
C
=

EXCLUSIVE-OR  n |
H R (
A ouT A (8}
B:iDD% L E OHT
EXCLUSIVE-NOR 4 ol ¢
H H H

A_{>\_>0u1- AlouT
L
H

YES (BUFFER)

A—-{>o——>°“T

NOT (INVERTER) Al L

3-STATE LOGIC

CONTROL CONTROL

A __{ - » OUT A._+ :>CFﬂr ouT

controL JAJouT  comrRoL Ji\\owr

L L L L ‘.| H
L H H L H L
H XIRi-2 H IX Hi-2Z

H1-2: OuTPUT IN HIGR IMPEDANCE STATE.



MOS/CMOS

INTRODUCTION

MOS ICs CAN CONTAIN MORE FuNC-
TIons PER CHIP THAN TTL/LS AND
ARE VERY EASY TO USE. MOST CHIPS
IN THIS SECTION ARE (CMOS (com-
PLEMENTARY MOS). THEY CONSUME VERY
LITTLE POWER AND OPERATE OVER A
+3-15 vour RANGE. CMOS CAN BE Pow-
ERED BY THIS:

+ (Vos
+] l CYed
QvoLrs ___ ';_‘J

(BATTERY) —_

=
'[ ImF ‘}\-l/uF
| o 6ND

OR YOL CAN USE A LINE POWERED
SUPPLY MADE FROM A 7805/7812/ 78IS
SEE THE LINEAR SECTION.

INCIDENTALLY, You CAN POWER A
CMO0S CIRCUIT FROM Two SERIES

CONNECTED PENLIGHT CELLS, BUT
A 9-12 VOLT SUPPLY wWILL GIVE
BETTER PERFORMANCE.,

OPERATING REQUIREMENTS

I. THE INPUT VOLTAGE SHOULD NOT
EXCEED Voo ! (Two EXCEPTIONS:
THE 4049 AND 40S50.)

2. Avoid, IF POSSIBLE, SLOWLY RISING
AND FALLING INPUT SIGNALS SINCE
THEY CAN CAUSE EXCESSIVE POWE R
CONSUMPTION. RISETIMES FASTER
THAN 15 MICROSECONDS ARE BEST

3. ALL UNUSED INPUTS MustT Be
CONNECTED TO Vpo (+) OR Vsgg (GND).
OTHERWISE ERRATIC CHIP BEHAVIOR
AND EXCESSIVE CURRENT CONSUMPTION
WILL OCCULR.

4. NEVER CONNECT AN INPUT
SIGNAL TO A CMOS CIRCUIT WHEN
THE POWER IS OFF,

5. ORSERVE HANDLING PRECAULTIONS.

| 2

INTEGRATED CIRCUITS

HANDLING PRECAUTIONS

A CMO0S CHIP 1S MADE FROM PMOS
AND NMOS TRANSISTORS. MDOS MEANS

METAL = QXIDE — SILICON (0R SEMICONDUCTOR).

P AND N REFER TO POSITIVE AND
NEGATIVE CRANNEL MOS TRANSISTORS.
AN NMOS TRANSISTOR LOOKS LIKE THIS:

GATE +Voo
(IN) \ F'M
T - “__>_ ouT
1 = —
W = » N
1. ALUMINUM
. 2. S1 0,
- 3. SILICON

A  PMOS TRANSISTOR IS IDENTICAL
EXCEPT THE P AND N REGIONS ARE
EXCHANGED. THE $Si102 (SILICON DIOXIDE)
LAYER 1S A GLASSY FILM THAT
SEPARATES AND INSULATES THE METAL
GATE FROM THE SILICON SUBSTRATE,
THIS FILM 1S WHY A MOS TRANSISTOR
OR TC PLACES PRACTICALLY NO LOAD
ON THE SOURCE OF AN INPUT SIGNAL.
THE FILM 1S VERY THIN AND IS TRHERE-
FORE EAS|LY PUNCTURED BY STATIC
ELECTRICITY:

it {\'cvcw R
24/ APACITO

LY

'\ hoLe

PREVENT STATIC DISCHARGE!

1. NEVER STORE MOS IC's IN NONCON-
DuCTivE PLASTIC "SNow,” TRAYS, BAGS
OR FOAM.

2. PLACE MOS ICs PINS DOWN ON AN
ALUMINUM FOIL SHEET OR TRAY WHEN
THEY ARE NOT IN A CIRCUIT OR
STORED IN COMNDUCTIVE FOAM.

3. wseE A BATTERY POWERED IRON TO
SOLDER MOS CHIPS., Do NOT USE AN
AC POWERED /RON.

-w
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INTERFACING CMOS

l. \F SuUPPLY VOLTAGES ARE EQUAL:

+5 (Voo)

Reu - Rpu: H70 —4.7K
PuLLuP FOR TTL |
RESISTOR. IK = 10K

FOR LS.
TXLL oR, LLS cCMoS

A A

CMO0S TTL OR LS

2. DIFFERENT SuUPPLY VOLTAGES:

12l

S ENS +5

CMOS

1 \ \TTL
_J__ 4049 OR
3 oR Ls

4050

NOTE THAT CMOS MUST BE POWERED
BY AT LEAST 5 VOLTS WHEN

CMOS IS INTERFACED WITH TTL.
OTHERWISE THE CMOS INPUT WiLL
EXCEED Voo.

3. CMOS LED DRIVERS:

Vbb(+5-5v)
= 1
GLOWS/ Voo = +3-1SV ( -
WHEN Glows
LOW. WHEN
Voo (+3-15v)  HIGH.
R R \ /’
K
Vpp — 1.7 3
Ri= .ot (FOR 10mA LED CURRENT)

USE OO0 OHMS FOR MOST APPLICATIONS.

CMOS LOGIC CLOCK

MANY CIRCUITS IN  THIS SECTION
REQUIRE A SovRCE OF PULSES.
HERE'sS A SimPLE cCMOS CLOCK:

TS

UL

RC
F= 2737

TYPICAL VALUES: R=100K , C= O.0I— 0.l uF

OK TO OLSE 4049 ... Bur MUCH MORE
CURRENT WILL BE REQUIRED.

CMOS TROUBLE SHOOTING

. DO ALL INPUTS GO SOMEWHERE?

2. ARE ALL TC PINS INSERTED INTO
THE BOARD OR SOCKET?

3. IS THE TIC HKQI? |IF sSo, SEE 1-2
ABOVE AND MAKE SURE THE OuTPUT
IS NOT OVERLOADED.

Y. DoES THE CIRCLUIT ©CBEY ALL CMoOS
OPERATIN G REQUIREMENTS ?

5. HAVE YOU FORGOTTEN A CONNECTION?

13



QUAD NAND GATE Voo (+3-15V)
4011 )qi 13y 121 u] o] 9| 8

THE BASIC CMDOS  BUILDING BLOCK J} “QJ—

CHIP . MORE APPLICATIONS THAN TTL
7900/ 74LSO0 QUAD NAND GATE.

CONTROL GATE AB|ouT [ l
V

b 3 B N N NG A

-
-

14 L L H =
A ouT L H H I MPORTANT: CONNECT ALL UNUSED INPUTS
8 - H L H TO PIN 7 OR 14
L HHI L
NOR GATE
I NVERTER A Voo
; O U7
°l°'-l AlouT H
A ouT /£
- L H L
S R L L
-] NPUT NAND GATE
AND GATE
: A8 jouT v, ABCDlouT
DD
Iy iy L 8 Iy LXXX| H
A ouT L H L Voo XLXX | H
B H L L “ XX LX|[H
g H K H ¢ : X XXL|H
- D - = T U HHH )L
OR GATE i
S EXCLUSIVE-OR GATE
ABlouT
L
H A Vob 3 ANt L
H B Ty ouT L H H
H & H L H
' A A (L
EXCLUSIVE-NOR GATE
Iy Voo
B 1y
ouT [o)FC] N
€ ABlCcDlouT H :
d XX | R R H L]
2 HH | xx H L
i f HH IHR H H

4
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QUAD NAND GATE (conTinuED)

4011
GATED OSCILLATOR TOUCH SWITCH
*
Voo 100K 22M Voo
ENABLEC L i I
(WHEN H)
TOUCH ENARLE *CAUTlON:
T i WIRES (WHEN H) BATTERY
100K OinF POWER
| L onwy!
OUTPUT FREQUENCY IS OuTPUT GOES HIGH WHEN
| Khz SQUARE WAVE, TOUCH WIRES ARE BRIDGED

8y A FINGER,

SIMPLE OSCILLATOR ONE-SHOT TOUCH SWITCH

100K 22 M VDD

1y
] o2 i
100K
TOUCH
WIRES
OUTPUT GOES HIGRH -
OUTPUT NOT AS SYMMETRICAL WHEN  TOUCH WIRES
AS AROVE CIRCUL\T, ARE BRIDGED BY A .
FINGER. OUTPUT THEN RETURNS LOwW
GATED FLASHER AFTER ABOUT | SECOND.
+H 1K INCREASED OUTPUT DRIVE
4 AN
ENABLE
100K ’]‘m?,«F
i ' INVERTER NAND GATE
LED FLASHES -2 H=z
WHEN ENABLE \S HIGH. USE TRIS METHOD TO INCREASE
LED STANS ON WHEN CURRENT TRE 4HOIlI1 CAN SOURCE
ENABLE 1S Low. OR SINK. OK To ADD MORE GATES.

1)



TRIPLE 3-INPUT NAND GATE

4023

HANDY FOR MAKING

CONVERTERS

AND

MULTIPLE

CUSTOM DECODERS,
INPUT GATES.

6- INPUT OR GATE

VDD
A Ly v

D b O 514033

DECIMAL-TO-BCD CONVERTER

DECIMAL

3

IN  (SELECTED

DIGIT R,

ALL OTERS L)

98766543210

POPPPTIT

o

BCD
ouT

Voo

IMPORTANT :

Vpp (¥3-15V)
HT 3] w2 n] o] 9] 8]
2] 31 4] s) 6| 7
CONNECT  ALL UNUSED
INPUTS TO PIN 7 OR I4.

9- INPUT NAND GATE

(B

=
= ALL UNUSED 'INPUTS
MUST BE GROUNDED,
|-OF-4 DECODER
Vop
E
= 1
\
1o i 12 2 ‘1,:7.3
8
1,2,3,4,5 = % 4049
|0 v
*lyozs

ENABLEW

(A )

y
-
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DUAL 4-INPUT NAND GATE
4012

VERY USEFUL IN MAKING
DECODERS. ALSO CAN BE
VSED TO ADD ONE OR
MORE ENABLE INPUTS TO
VARIOULS CIRCUITS.

ENABLE INPUT

|

o |£|w

INPUTS
OUTPUTS

| Ve 13
10| 4012

q
ENABLES__ =

| -OF-4 DECODER

2
3
at
ls.
Voo
s 2
A 4 2
a8 9 1p Ln 12
= 1,2,3,4,s:
S/ 4099
ENABLE _'1 Is

WHEN ENABLE IS L, THE

OUTPUT CORRESPONDING TO:  —

THE BA BINARY INPUTS GOES Low. ALL
OTHER OUTPUTS GO HIc6H WHEN ENABLE /S H,

Voo (+3-15V)
4 3| =] ul | 9] 8]
0 E LS

70

BCD DECODERS

DECI MmAL O

D 9‘ 10

VDD

4
\,z

l

teLw: H
XXXx = L

ouT

LLLH= H
ARRRA = L



QUAD NOR GATE

4001

AN IMPORTANT CMOS BUILDING
BLOCK CHIP, ITS HIGH IMPEDANCE
INPUT MAKES POSSIBLE MORE.
APPLICATIONS THAN THE TTL 7902/
THLS0O2Z QUAD NOR GATE.

BOUNCELESS SWITCH

T H
100 K % 100K
= on

GATED TONE

SOURCE

470
|8 R
SPKR

TOlluF'

IS ABROUT /KHz.

TONE FREQUENCY

RS LATCH
Vop
R S1Q Q
L L [NO CHANGE
L H]| H L
B H
H H | NOT ALLOWED

Vop (+3-15V)

141‘ 3] 12} uj 0] 9] 8
-
-w
11 2] 3] 4] s| e] 71
I MPORTANT: CONNECT ALL UNUSED

INPUTS TO P/IN 7 OR I4.

INCREASED OUTPUT DRIVE

-—1
INVERTER NOR GATE
USE THIS METHOD TO INCREASE '
CURRENT THE 400! CAN SOURCE

OR SINK. Ok TO ADp MORE GATES.

LED FLASHER

LED FLASHES -2 TIHES/ SECOND,

OR GATE




O

Y

QUAD EXCLUSIVE-OR GATE vy (+3-15v)
4070 ub 13y iz g o] 9y @

THE OUTPUT OF EACH GATE GOES ,)
Low WHEN BOTH INPUTS ARE ,
EQUAL, THE OUTPUT GOES HIGH |
IF THE  INPUTS ARE UNEQUAL. [
MANY APPLICATIONS INCLUDING BINARY _
ADDITION, COMPARING BINARY WORDS r] 2] s 4] S| el 7L
AND PHASE DETECTION, =

IMPORTANT : CONNECT UNUSED INPUTS

To PIN 7 OR 14, CONTROLLED INVERTER
|-81T COMPARATOR Voo

THIS CiIRCuUIT IS ALSO A HALF-ADDER

WITHouT A CARRY OUTPUT, )
CONTROL ~—

Y
&l AB|ouT Z,
1 14 L: IN
© ‘ﬁ)%-;s > ouT H: In
C
2+

BINARY FULL ADDER

non
(o]
C
3

g e (il (i
Bt D
[ et T

4H-BIT COMPARATOR CARRY IN Voo
T T
] 4
A —s = 7\ 3 [ H SUM
DETERMINES 'F Two 4-BIT worps B B CARRY
ARE EQUAL. 2 7 s{e]l Voo v 2 OuT
Yy 7 Y |1y &
Voo Voo 4ol Holl A | 8
| e 1 : 3 1 . (T -

A/ - S b S S y \/y 3 |3 I
A . - 2. J4ool -

‘/-L’/Hovo V3 qoyq| Voo 71, - 1. 1,2,3= 4049
B8 —5“‘1 NG 4 4 14
B/ o > i

/ 3] Vo :

4 ouT
TH %Holl
10 3 r
S5 B o B e e
*

Y2 4o70 V34049 =

] % 11[ / 10 VPV

D,W IF DCBA=D'C'8A
8 OUTPUT IS LOW,
. OTHERWISE OUTPUT

IS HIGH. USE

SECOND HALF OF LED STOPS GLOWING WHEAN THE
4012 AS INVERTER TO REVERSE OPERAT/ON, INPUT FREQUENCIES ARE EQUAL.



HEX INVERTING BUFFER

Hoqq lof 15] 4] 3] 12] nl 10] 9
-
-
IN ADDITION TO STANDARD
LOGIC AND CMOS TO TTL ;
INTERFACING, OFTEN USED '
IN OSCILLATORS AND PULSE
GENERATORS. FOR LOW CURRENT
APPL\CATIONS, USE 4o/l CONNECTED
As INVERTER. (OK TO USE 4OIl FOR 1y 2l 31 4] 5] e[ 7] &
CIRCUITS ON THIS PAGE)) Voo (+3-1SV) o
NOTE UNUSUAL LOCATION
CLOCK PULSE GENERATOR OF POWER SUPPLY PINS.
VDD
PHASE SHIFT OSCILLATOR
JuUL
R
(100K) T ¢ ‘
. . (-01=10xF)
|
1,2= "3 4049 PULSE RATE=1.9RC c_T c,T cT
Ly ouT | .
o) oLd .
OUTPUT FREQUENCY= 3.3ge h2,3= /24049
BOUNCELESS SWITCH -

Voo
TRIANGLE WAVE SOURCE
1,2,3="24049 Voo R2 J'/ch
- = .05
100K w'—o
Rl 1 ) ~ 140 Hz

L 1,2=7s 4o49 JooK E ]\ )
I}
FREQUENCY = [.4 R CI __/\/\__/\

5 WA N
QUARE WAVE GENERATOR | | \pAR 10X AMPLIFIER

MDD
R2
_\__'> | I AAA. IOM
Cl Rl Voo
Z 0l 1M |
5 ] INO_.)'__M/\_J-’ . i3 W e
¥ -
— 1\2‘3': -w
REPETITION RATE = /4 RC . NOTE THAT THE = V240449
> INVERTERS ARE USED
1,2=Ys 4049 IN A LINEAR MODE. GAW= RZ/R].

20



HEX NON-INVERTING BUFFER
4050 I6] 5] lq'{; 3] 12} 1| o} 9

U
>

PRIMARILY INTENDED FOR
INTERFACING CMOS TO TTL.
SUPPLIES MORE CURRENT

1
THAN STANDARD CMOS. V Y \ i
IMPORTANT :  ALL UNUSED INPUTS

MUST GO TO PIN | OR 8. w 2| 3] 4| 5] e} 7 s__L
VDD ™
NOTE UNUSUAL LOCATION
OUTPUT EXPANDER OF POWER SUPPLY PINS.
VDD

LOG!IC PROBE
Y 4os0 3\ A Voo

E:: l
IN .1;._51:>‘* 5 OUTPUTS 3 z
INPUT 8 // 1K

7 b 1,2,3 = /2 4050 3. LED GLows
8 3 WHEN INPUT
= 1S LOW.
® INCREASED OUTPUT DRIVE

OUTPUT BUFFER

Voo 1,2,3,4=
: 2/3 4050 % A A fji
cmos|. 3 2 ouT
alF%

Yo Ho0S0
CMOS TO CMOS CMOS TO TTL/LS
AT LOWER Vpp AT LOWER Vec
Vpp | Vop 2 Voo +5 (Veo)
T S8 fne ’“
L N
cMOos CMOS ' OR
LS
-,
w
= Voo | EXCEEDS Voo 2. Y 4050
I= Yo 4050
2|



ANALOG MULT‘PLEXER Voo (+3-15v) 1/o 1/0 1/0 I/o0 amar
HOS\ lbI IS| 14] V3 |7.3 W] 10l 9q

INPUT ADDRESS AT CBA SELECTS
I-OF-8 ANALOG SWITCHES. SIGNAL
AT SELECTED SWITCH TI/o (inpuT/
OUTPUT) IS THEN APPLIED TO COMMON
O/T (OUTPUT /INPUT). THE INPUT

SIGNAL  MUST NOT EXCEED Vpp,
TRE (INRBIT (INH) INPUT SHouLD BE Vo2l 31 4] s 6] 7] e[
GROUNDED FOR NORMAL OPERATION. I/o 1/o 0/ 1/0 1/O INH Vgg =
ALL  SWITCHES ARE OPEN WHREN 4 b 7 S

INH 13 RIGHK.

I-OF-8 DATA SELECTOR

I-0F-8 MULTI PLEXER (DEMULT/PLEXER)
< LIS NS RS I RS O Vopp DATA OUT  Vge (SEER NOT)E
AT LEFT
HT_'LT ST IT :2T |5T I‘-IT |3T 3T j

HoS5i

A__M]
B"_ﬁ
21 19

A— PIJ
10 b
B_j Hosi
£ %
\ 3 7l NOTE: 4 z] 5‘ 1(711] ;5] :ql :3T
ADDRESS YCONNECT PIN 7 ~
Ll S Yyr§TRI Yl O

g_)lll___on & L;___)

INPUTS Veeg” TO GROUND OF
DATA INPUT CIRCUIT,
IN IF GROUND IS DATA INPUTS

COMMON 3 CONNECT

RZ
TONE SEQUENCER y Do NOT REDUCE RIO.
+9 HO5! R3 USE  AMPUFIER FOR
[2_AM_d MORE  VOLUME.
CYCLES THROUGH A RY
& TONES AND . 1o S  AAALY Voo RIo SPKR
REPEATS.  RI 2] e RS | 270 8SL
CONTROLS TEMPO. V24518 S
RZ-R9 AREe D2 ne
INDIVIDUAL TONE
RESISTORS. USE c|lS 9c
(K~ loOK EACH.
B 4 10 B
I A
8 13 AAA i 12 q 10
& H‘E‘”

b'_7J 3 .08

Bt St 049

(A )

(A



O

U

QUAD BILATERAL SWITCH
HOb4b

ONE OF THE MOST VERSATILE
CMOS CHIPS. PINS A, B3,C AND D
CONTROL FOUR ANALOG SWITCHES.

CLOSE A SwITCH BY CONNECTING
ITS CONTROL PIN TO Vpp. ON
RESISTANCE = 80 —250 OHMS.

OPEN A SWwWITCH B8BY COMVECTING ITS
CONTROL PIN TO GROuND (Piv 7).
QFF RESISTANCE = 10¥ OHMS. Tfo (InpuT/

OUTPUT) AND O/L PINS ARE REVERSIBLE.

DATA BUS CONTROL

H0bb Voo
A | ‘ L4
Dll\;A el LU lfmg_ A
S _T l/o._:_b'__ B DATA
ouT
D __ﬁ,ﬂ - ] U ¥ @
A | ]
Q“I ! : A4S D
|

2
A I
2] b 5 13

o CONTROL :
L= OFF
H = LoAp

DATA B
IN

Voo ("'3"\5 v}
A D
l‘-IT 134 12)

I/o O/t °/1 t/o

1y 191 91 81

RHHIREE

B d

:
3

b

’
11 2] 3

4] s| 6] 7|

o O1 Ot 3o B C =

DATA SELECTOR

4066 Voo
A | 4 T
4 _ l/ 2
RN e =
c_8 13 DATA
4‘ 1 4> ouT
p__ M | 1 ]9
N1
A ] !
7 | ll l [}
g1 32 1l
J_ ] e) S| 131 Mmaxe
- SELECTED
ol e 8 A INPUT R.
KEEP ALL
DATA SELELT OTHERS L.

Voo DIGITAL TO ANALOG (D/A) CONVERTER
A
i THIS IS NOT A
N ¥ (3 31 L. LINEAR D/A CONVERTER.
50 00 U T R TR (RIS O O G Y INSTEAD IT PRODUCES
19 IS & (M= . LA i ° A PSEUDO-RANDOM
| ,r- -—_—— — === 7 ? OUTPUT THAT RANGES
1 | | | . = T FROM 2.0 — 5.62
r
RO ° vorTS (Vopp =9 V).
‘ |2l el 51} lsl I USE TO DRIWVE Y046
’:L VeO OR PRODUCE
o O ¢ 8 A 2R UNUSUAL WAVEFORMS.
DIGITAL IN R=47K AND Z2R=/00K.
USE 4518 COUNTER FOR ANALOG VOLTAGE
AUTOMAT IC OPERATION. | ouT

23



BCD-TO-7-SEGMENT Vpo#3-15v)§ ¢ a b ¢ d e
LATCH/DECODER/DRIVER o] 15| 4| 13| az] n] 0] 9

4511

CONVERTS BCD DATA INTO
FORMAT SUITABLE FOR PRODUCING

DECIMAL DIGITS ON 7-SEGMENT

LED DISPLAY. INCLUDES BUILT—IN i 21 3 & s| el 7] 8]
H-BIT LATCH TO STORE DATA To BE B ¢ DI, AL
DISPLAYED (WHEN PIN 5 IS HIGH).

WHEN LATCA 1S NOT used (PINS Low), 2 | ATCH ENABLE
BLANKING INPUT

THE 7-SEGMENT OUTPUTS FoLLOW THge
BCD INPUTS. MAKE PIN 4 Low To '~ LAMP TEST
EXTINGUISH THE DISPLAY AND HIGH FOR

NORMAL OPERATION. MAKE PIN > LOw

TO TEST THE DISPLAY AND HIGH FoRr Vop

NORMAL  OPERATION.

DISPLAY FLASHER

DISPLAY FLASHES E | DISPLAY

ONCE PER SECOND

WHEN E IS HIGH. H | FLASHES
L OFF

DECIMAL COUNTING UNIT (DcU)

Voo Voo
IMPORTANT :  ALL
T ﬁ INPUTS MUST Go
te ) R SOME WHERE. |
CouNnT IN ol |V 3] 4501 3_AMA__ 5 a
4518 RL
ENABLE o 2 D |C kD 2 _AMA_s b
R3 .10
RESET o] c |5 Zlc LORRYY ¥,
RY £ I 'b
B (4 B 10 A5 d 3
OPERATION: RS
= A3 7IA B Am_, e cl {c
TO COUNT, Ro .
ENABLE IS BLANK o—1 1S mA__ . f d
HIGH AND oj R7
RESET IS Low. SAVE o2 T AN g 3B
BLANK SHouLp L —
BE HiGH (Low 8 Vop |8 RI-R71=220 1,
TURNS OFF L COMM ON
DISPLAY). SAVE 7 \/4 » Voo =+5-9v CATHODE
SHoulD BE Low, _L LED DISPLAY
MAKE SAVE HIGH - 3 5
TO STORE [INTERIM COUNT Ew. To NEXT Deu
WITHOUT AFFECT/ING COUNTER,

0
*\

-
-

()



LATCH/DECODER/DRIVER w} 15| m| 13| 12 w| 10| 9
-,
o Y543 (14543)
DESIGNED TO DRIVE LIQUID CRYSTAL
(Le) DIsPLAYS BUT WILL DRIVE
OTHER DISPLAYS AlLSO. INCLUDES E
BUILT—IN 4-BIT LAT¢H TO STORE
DATA TO BE DISPLARYED (WHEN PIN | 1] 21 3] 4] 31 6] 7 B_L
IS Low). WNEN LATCH Is NOT C B D A =
usep (PIN | HIGH), THE T-SEGMENT J
OUTPUTS FOLLOW THE B8CD INPUTS. LATCH PHASE

MAKE

PIN 7 HIGH TO BLANK THE

DisPLAY AND LOwW FOR NORMAL

OPERATION,

DISABLE(LD) BLANKING (BI)

LIQUID CRYSTAL DISPLAY DECIMAL COUNTING UNIT

Voo Voo LIQUID
Voo : +3—9 voiTs T“o T CRYSTAL DISPLAY
1o
COUNT INoL] Y2 [& 4 9 5 a
Q
ENABLE o 2] 4518 |S 2) 4543 (10 p P] lb
[ RESET oL 4 3 1 e 3
O PERATION: 5 3 iz _ d et lc
TO COUNT, ENABLE IS BLANK o7 3 e d
HIGH AND RESET IS
LOW. BLANK SHOULD BE SAVE o ! | s, £ BACKPLANE
LOw. MAKE SAVE G
LOW TO STORE INTERIM T
COUNT. FOR NORMAL l 3 SQUARE
COUNTING MAKE SAVE 8 Vop = 6 WAVE
HIGH- : | GENERATOR
TV iy
- Yol
=
= 5 3
To NEXT Deu 9 /'

Yol
o

DISPLAY FLASHER

> 70 H543
(PIN 7)

I2="3 4ouq

DRIVING LED DISPLAYS

{OUTPuTS(a—-F) Voo COMMON ANODE
4543 Rs e[ Te
N Rs
8, o 4543 )
- ~

COMMON (ATHODE ouTPuTs (a-f)

b



BCD-TO-DECIMAL DECODER

4028

DECODES 4-BIT BCD

I-OF-|0O QUTPUTS.

OUTPUT GOES HIGH,

STAY LOW. USE

READOUTS , SEQUENCERS,

INPUT

INTO

SELECTED

FOR

DECIMAL
PRO -

GRAMMABLE COUNTERS, ETC.

0-9 SECOND T/MER

| Hz CLoCK +9
) iy

2
2.

4ysi1g |lb

3 10

GROUND
unuseo|d
INPUTS

oF |5
SECOND
Y2 4518 |© "

1 7

FA

RESET RUN

q028

!

4

Ly

3 |t
AR K%

7

1

OK TO USE _[fﬂh

OUTPUTS TO -
CONTROL EXTERNAL
LOGIC ©OR DOEVICES.

[

-
=

ALL OTHERS

4o49

COUNT TO N AND RECYCLE

USE THE ADTACENT CIRCUIT WITH
THESE CHANGES:
Voo
l. OMIT 4049
LIS 7 _To N+l 2. MAKE PIN 2 HIGH
4518 (4o 8®) 3. USE PIN T AS
CONTROL INPUT.

26

Voo#3-SV) ! B C O A 8
3
wh 1s{ 4} 43| 2] 1{ 0] 9]
1 2] 3] 4] 51 el 7] 8
4 1 210.7.9 3 & j-_—'

I-OF-8 DECODER

Voo

o

3? l‘i/‘l\

S &

I

2 3
1TIST
402

Rn s

ADDRESS

LT

B A

INPUTS

COUNT TO N AND HALT

TO N

= 4
. Voo
i 4

TR
45|18
3 10
GRouND [ 4 K)
UNUSED
INPUTS |5 12
OF
SECOND | @ I
Ve 4518
8 8
7
]
el
CLOCK =

4028 |

.

()

-
-



am,

Y

60-Hz TIMEBASE
MMS5369 (276-1769)

PROVIDES PRECISE 60O Hz SQUARE WAVE

Voo (F3718V)

XTA L
ouT

71 6\5

o

XTAL: CRYSTAL

WHEN USED WITH 3.579595 MH=z NC:NO €ON-
COLOR TV CRYSTAL. USE FOR MosT NECT/ON
DO- IT-YOURSELF TIMERS, CLOCKS, CONTROLLERS,
FUNCTION GENERATORS, INSTALL IN SMALL
CABINET FOR WORKBENCH PRECISION CLOCK. 1] 2] 3] 4]
bOHZ = NG NC
LO-H=z TIMERASE I0O-H=z TIMEBASE
Voo
A Voo
R2 8
T i o 5
‘,__l s__>‘bo Hz ouT
¥ - i4
3 o20| 5369 |7 _, CRYSTAL 6OHz o] 4017 10 Hz OUT
";TAL - FREQUENCY OUT IN 15
yri y S=) (3.579545 MHz)
’rﬁ* ; BI__IJB
€z E RI— USE TwO 10om n | THIS IS A
= IN SERIES. 3 ~ & D|VIDER.
*
MOTOROLA SPECIFIES THAT Cl=30pF
AND C2=6.36 pF.  OK TO USE SIX I-Hz TIMERASE
H.?PF CAPACITORS IN PARALLEL OR
47 pF CAPACITOR FOR Ci. TRY TUNABLE Voo
CAPACITOR (€.9.5-50pF) FOR CZ. TO T
TUNE, CONNECT FREQUENCY METER L
TO PIN 7. TUNE C2 UNTIL FREQUENCY 10 Hz 19
IS 3,579,545 Hz. ACCURACY FAIRLY IN H4o17 '2 o | Hz ouT
Goop EVEN IF YOU DON'T TUNE C2.
Is|_ 8| [3 THIS /s A
DIGITAL STOPWATCH Tt bk
Ol C 1B A et 8CDI 1 L0 8 10 18 A OPERATION: [ TOGGLE SI FRoM
. A A / QUTPUTS : CLEAR TO READVY.
Vi I T J 2. SWITCH S2 FROM
y CONNECT TO STOP ToO START.
b e 51 4 31 7\ |teo or we M4l 13} 12 1 3. SWITCH S2 FROM
Va. DECODER/ Ve START TO STOP.
16 4518 DRIVER (e.g. 4518 8 v
HIGH ©IGIT 4sil or 4543).] LOw DIGIT L 4‘:0
| % LOCK IN
2l 7 l Vop 10 J15)Q »i >
START | Hz = 00 -99 SEC
S S) READY
32 IOHz =0.0~-9.9 SEC
CLEAR
STOP J | ( OK TO ADD MORE
= ji'= STAGES.

27



DUAL D FLIP-FLOP Voo (#+3-15V) CLock 2

2@ 206 RZ D2 g2
"‘0'3 HT 3l 12 0l 1o ng
j ’
-
VERY VERSATILE PAIR OF D-TYPE :
FLIP-FLOPS. GROUND UNUSED I[INPUTS. | 2
[ ——
|- OF-4 SEQUENCER L
V2] 3] 4 s e 7[
Voo Q 1@ RI DI St =
) 14 CLOCK |
i Q |13 2] 1 Do D
cLOCK !
V2 wois_ i DIVIDE-BY-2
9 D Q 'z A 4 ¢
Voo
[—em_.“l e HT
9@&29 8 IN o3{cLock Q@ Hs IN
\/_L 2
” 4013
OUTPUTS GO H =14 oA 5|p 5 2
IN SEQUENCE. 1,2,349: 900! = RS
ALL OTHERS = qlel 7
STAY (L. _j_L

MODULO-8 COUNTER

l‘-IT l‘-lT
COUNTS 24013 Yz 40i3 Y2 4013 Yz 4013
WESRGY TN ot 4 ?ip a3 1 Slp QM %o o 13
AND R |4 10} R R M 19l
RECYCLES.FJ D s |6 8]¢ S le 8l 3 Iz
3 of A N U D 3 f o in 7

CLOCK p—

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Voo A 8 + Voo O
4 HT
2 4013 V24013 Yz4 o013 Y2 4013
SERIAL oS {p o 4 9p el d 3ip -3 L AL TS o L3
DATA R L 0ho R 2 lofr
IN S e 8ls s |e 81s Slf:.’{zL A
3 7_L 3 T 3 i 8 M Z-L— ouT -
CLOCK D— |

28



DUAL JK FL|P FLOP Voo (*3-15Vv) _ CrLock |
Ql Q R KI T Si
4027 ol is] i} ) r] u] 0] ef
<Al
L 4
USE FOR DWIDERS, COUNTERS AND ,
REGISTERS. S (SET) AND R (RESET) I 2
INPUTS MUST BE Low FOR CLOCKING
TO OCCuUR. MAKIN G S OR R HIGH
SETS OR RESETS FLIP-FLOP |NDEPENDENT /
OF CLOCK. |MPORTANT: ALL INPUTS MUST
Go SOMEWHERE ! o2 3] 4] s[ el 7] 8]
2@ 2@ e S Sl =
CLOCK 2
DIVIDE-BY-2
DIVIDE-BY-5 COUNTER
COUNTER
Voo Voo Voo
A 2 A 91 12 4l 7]
1 QL IN blT Y ! 8 Va. lo 8 Vz | TN
s | 0= el 4oz 4027 '—\oQOL*‘s'
5 K. /7_ 4 = =
4027 7 Q. |t Al Qs . els
IN o2]CLOCK A 3k R Nk 3 L4 5]k Q12
e CLOCK CLOCK CLOCK
‘1[34 8] 3] 13 3
K L o IN

® DIVIDE-BY-3 COUNTER

Voo

DIVIDE-BY-Y4 COUNTER

Voo

1o Y2 q |IS AE: a I/ > IN ?lc, i g |IS bl3x @l o IN
Ho27 _ e 3 4027 il i i
H ik Q'Y Slx 4o |4 10T slk v, 4
q ! = A yoz7 |7
i 12 | J (/o Z21q 8 Ik Iz a8
=- I CLOCK CLOCK =l CLoCK =~ CLOCK —
IN o— 13 3j I IN o- l3I_ Zj |
H-BIT SERVIAL SHIFT REGISTER
VDD A < VDD c D
I lo| I lo
DATAG, 20T QI8 [ e}y o4 tol7 oS { efr Q!
IN A L] 5| k WE 2 ] g \ QL4 Sl ¥
4027 9 7 55 1z 9 7 43 SERIAL
/ 2l 4 4027 |8 4oz27 [z | 4] 4027 |8 ouT
- SR IIK 13 3 | 3
I |
- — = - : =
OR 4049 - v
CLOCK o

29



8-STAGE SHIFT REGISTER
4021

PARALLEL INPUT / SERIAL OUTPUT
SHIFT REGISTER. ALSO SERIAL
INPUT. DATA AT PARALLEL
INPUTS 1S FORCED INTO TAE
REGISTER IRRESPECTIVE OF THE
CLOCK STATUS WHEN PIN 9 1Is
MADE HIGH. KEep PIN 9 LOw
FOR MNORMAL OPERATION.

PARALLEL-TO-SERVAL
DATA CONVERTER

PARALLEL DATA N

Lk el

B LG P S B DS C

Voo

L

Ho2l

IOI ]
CLOCK N

SERIAL DATA 0OUT

i
9
8
o--
L SEND LoAD

AL I's (H's) ARE SENT AFTER
WORD IS

THE

8~-BIT TRANSMITTED,

PSEUDO-RANDOM

Voo(#3-15V)7 © 5 7 SER LOAD

\ IN IN IN OouT W Cloctk
u,t 15} 4] 13] 12] nf 10} 9

[

') 2] 31 4] 5] 6] 7
8 b 8 4 3 2 !
IN OouT Out IN IN IN IN

sl

8-STAGE DELAY LINE

Voo
1\
1o ]
Ho2i
q
ﬂ 2| 817 sy
CLOCK IN 0
-L_ RUN [NITIATE

DELAYED DATA ouUT 3

THE FIRST PARALLEL INPUT (PINT)
IS GRQUNDED. THIS LOADS A
SINGLE L WHEN SI IS SWITCHED

TO INITIATE, THE SINGLE L BIT
REACHES THE OUTPUT AFTER 8
CLOCK PULSES.

SEQUENCER

INITIATE RUN

-0 Si
Voo
q ~ 10y 12} 3
o

13 4oz1

THIS CiRCUIT GENERATES A
PSEUDO — RANDOM BIT SEQUENCE
AND RECYCLES. ¥ TO CHANGE

BIT PATTERN, CONNECT DIFFERENT
PATTERNS OF [NPUTS OF SECOND [_/
402l TOo Vpp OR GROUND,

30

1K (ORW
4.7K

FEFPEEL

INPUTS*

TO AUDIO AMPLIFIER
ia FOR SOUND EFFECTS.
:l: IOuF (ADJUST Ri | CHANGE
: 4 SOUND  WITH SI.)

()

()
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I4Y-STAGE B1 NARY COUNTER
4020

A RI\PPLE COUNTER WITHR CARRY
OuTPUT . THE I4-STAGE BIJNARY
COUNT IS COMPLETED IN 16,384
CLOCK PULSES. THIS MAKES
POSSIRLE  VERY LONG DURAT/ON
TIMERS, ASSUMING THE OUTPUTS
ARE DECODED. THE OuUTPULUTS
ReQuirg A BRIEF SETTLING T/IME
AFTER EACH ClLOck PULSE.

Voo (+3-15 V) a RESET |

T 9 CLock
upT IS} 14\ 131 i2] 1| 10] 4

OUT PUTS LinPuTs |

(2 AnD 3 UNAVAILABLE)

Il 2] 31 4] s o] 7] 8
111314657’-1:[

N ® | VDD
It ] 4020
I4-B1T BINARY COUNTER otz o ]
2 A 8
THE SECOND AND THIRD OUTPUTS Wil l
(4 AND +8) OF THE 4020 ARE NOT K '3
AVAILARLE. THIS CIRCUIT INCLUDES A -
3-BIT COUNTER TO SUPPLY THE 3 <Y
MISSING OuTPUTS. A IS THE LOWEST
ORDER  OUTPUT. L Loeh
_o CLock el
(_‘j cLock | 1©
Voo A Voo B c & 1
T \ F et
1 19 reseT |/
3 jctock Q| Y2 ot 2 QL3 E é_s_
| Y4013 4013
tls e Slcock B |2 Mleciock QP2 Voo D 7|
Ve J bls J 81s A B
7] 4oz p|S 7 DS l p|?
1 R | R R -3l
(= o —_— Yy = 10 S‘ T
SUGGESTED VALUE OF STA]RCASE GENERATOR
2R FESES SN2
R R
el v ANALOG —_— 77
OUTPUT
2R 2R 2R
, , OUTPUT IS A STEPPED
A B @ = 2L N VOLTAGE. APPLICATIONS
INCLUDE ANALOG-TO- DIGITAL
(crreuiT ABOVE) CONVERSION AND  WAVEFORM
SYNTHESIS.

I




DECADE COUNTER/DECODER
4Oo\7

SEQUENTIALLY MAKES /-OF -10 OUTPUTS
HIGH (OTHERS STAY Low) IN RESPONSE
TO CLOCK PULSES. MANY APPLICAT/IONS.
COUNT TAKES PLACE WHEN PINS I3 AND IS
ARE LOw.

RANDOM NUMBER GENERATOR

4017
FAST HTsi: press ano |6 |2 173 ]8
CLOCK 05 RELEASE. +9 X
COUNT TO N AND HALT
TO N

9 b ) Y 3 ! O —

At d

L q017

RUN Ol el i % LDGK
COUNT TO N AND RECYCLE
r TO N
8 7 b 4 3 2 | o}
il
N I Y
FOR N=9,
GROULND
PIiN 1S, 4017

| 8 B3] M 1S
Voo e cLOCK

32

RESET CLOCK EMNABLE

§ 1 © 2 &%

3

0-99 COUNTER

LIS
CLOCK o '4]
(2.
4017 4.
Voo W—)
A N 10
! s = 1 )
8
5
12
il -
-—%.
= 15 &
12} carry U o
A B ouT
*—0 {- 3
14 CLOCKL.;)
% IN
s 2
S| 2
40|17 ol
8
5
13 !
Lo
) b ;
[
SI: A= RESET
B= RUN |5,
(Y
>
Ok TO ADD 9
MORE 4O0I7's I,
¢ ‘I

Voo @3-15v)] cLock| cArey® 9 8
167 | 4] 131 12} n | 0} 9|
INPUTS
DE(CODED ouTPUTS
T 2] 31 41 5] 6l 71 8]

o0
10
20
30
40
So
60
70
80

90

-~
-

()
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DUAL BCD COUNTER

( R)ESU;D Eht IAENASLE
Voo (+3-1sV, I CLOCK
4S18 o 15| 14} a3) szl il 0] 9]
TWO SYNCHRONOUS D=CADE |
COUNTERS In ONE PACKAGE,
WHEN ENABLE IS HIGH AND
RESET IS Low, EACH COUMNTER
ADVANCES ONE COUNT PER ‘_JJ
CLOCK PULSE, —
f 2] 3 quelvle_‘L
CLoCK 2A 28 2¢ 2D
ENABLE RESET
CASCADED BCD COUNTERS
Voo D G 8 A
A A A A N Y 0 * B o
> p
W
] 4 3 w3 2
1o ‘ ] 15
A 4518 16| Y2 4518
Z [ ENABLE cLoCK 8
ENABLE CLOCK
7T 8 i o] q M &

THE TWO GATES

TRIGGER THE
SECOND COUNTER
AT HLLH (OECIMAL 9).

BCD KEYBOARD ENCODER

J% o CouNnT IN

PRESS SO-S9, THEN TOGGLE RESET  SwITCH
Slo  To Voo  AND BACK TO GROUND.
BCDO EQUIVALENT OF SELECTED KEY (SO-S9) APPEARS—> D C Voo
15] v 15| HT I3T /zT /;T
4] cLock RESET i 8 |RESET
Hoi7 [0} ENABLE
ENABLE 9 lcLock Y2 45i8

50 SI

1]

S2 S3 54

R

35 Sb 87 S8 Ss9




3-DIGIT BCD COUNTER

MCIH583

COMPLETE 3-DIGIT COUNTER,
DO-IT-YOURSELF EVENT AND FREQUENCY
COUNTERS. BEGINNERS:
PRACTICAL CIRCUIT EXPERIENCE BEFORE
USING THIS CHIP. PIN EXPLANATIONS:
DS (DIGIT SELECT),2,3— SEQUENTIALLY
STRORES READOUTS.
DIS— INHIBITS
CLOCK—INPUT. MR— MASTER RESET (WHEN R).
OF —oOveRFLOW. A B,C, D — BCD OUTPUTS.

(WHEN H).

GET

USE

LE— LATCH ENABLE

Voo (+3-18 V) CLOCK
DS3 OF MR DIS LE A
loj IS] 4] 13} (4 wny 101 9

FOR

SEE RADI0O SHACK

SOME DATA Book FOR
MORE INFORMATION...
721 3] 41 sl &1 71 el
INPUT WHEN H. pszpst 4MH p ¢ B T
.OOI,qF

3-DIGIT EVENT COUNTER

(FOR DIGIT SELECT OSCILLATOR)

LATCH (LE) o_!9]
RESET (MR) o 13

12

EVENTS o2

(cLock)

DI SABLE (D1S) 'L
(WHEN H)

C) 4
.ool,uF_E__j

19553

o O®»

NEED

OVERFLOW
WARNING ?
PIN 14 GOES
H AT OVERFLO

OK To USE LIQUID CRYSTAL DISPLAY
OR COMMON CATHODE LED DISPLAY,

SEE 14543 FOR

Voo

DETAILS.

C> geLecT RI-RT SO
LED CURRENT DOES
NOT EXCEED I10mA.

DIspLAYS.

/\/\/\1 RiO
AM_ RY [ 1K
R8 | 1K Voo
Voo R 1 K
}h a q a A
lo o] 14543 R2 717
| b |OAz\A b Sl Ql
6 R3 \ Q2
BUW VY COMMON
9 5/|A RY ANODE
7 3le d [2Amd] | )
6 2lc R5 a2
5 9| D e [Samn_e QI-Q3 Q3
Rb RS2023
n 7] R1-R7: 5 F g }
g 8| IK IF RY? I—I—I a
o Vop=Qyv. i ) 3 =
SEES COMMON ANDDE LED

USE MULLTI—

DIGIT DISPLAY OR WIRE

TOGETHER
CATHODES OF 3 DISPLAYS,

6-DIGIT FREQUENCY COUNTER

14

TIMEBASE
(0.1—= | Hz) 013 T

il 11
ZQ 2

34

MATCHING

LATCH:

COUNT:

FREQULENCY

INPUT

SEE NEXT PAGE
FOR MORE INFO...

TOTAL COUNT
ONE COUNT CYCLE.

STORES
IN

RESET: CLEARS COUNT
TO 000000 PRIOR
TO NEW COUNT CNCLE.

COUNT INPUT

6- DIGIT COUNTER
(FACING PAGE)

()

-
-
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3-DIGIT BCD COUNTER (conTinuebd)
MCI4553

6-DIGIT COUNTER

COONT o

RESET o
LATCH o
\"
e °° 1ol 13| 12
1o 17 IS
OVERFLow p4] e
ouT 14553 Qﬂ:i 14553 )
Y | 3 z
8 8
il n
VDD D C B A D C 8 A VDO
5 G | ) s © 2 9
NS LSS e 0 2| 3] s
lo R .ae g A b lb D ¢ 8 A lo_|
' 14543 147 14543 )
8 18
griserTre—dr Tt b a e
CTIG T3 TS 10 9 ..l_ 47 IS
RI1-R7 B RB -4
(@ =F 3 F i
a 9 £ e ¢ c b a [} (s
Tt ] el = e [
el Jc | |ID == ) 1]
d
To < RS
ADDITIONAL Ql 1K
STAGES o
RIb
QL 1K
THIS CIRCUIT SHOWS HOow TO CASCADE <<{\
TWO 3-DIGIT COUNTERS. MAX/IMUM COUNT Q3 “ ) R17
S qqq,qqq. DISPLAYS ARE COMMON \ K
CATHODE (commonN ANODE CONFIGURATION Q AN
SHOWN on  PREVIOUS PAGE.) NOTE THAT
PIN © OF 14543 (OR 4543) GOES To GND Q-@3= RS2009
INSTEAD OF Vop WHEN COMMON CATHODE __]:

DISPLAY IS ULSED.

INPUT BUFFER

FREQUENCY COUNTER : + Voo

USE INPUT AND CoNTRDL CIRCUIT ON
PREvIOUS PAGE . INPUT FREQUENCY SHoOULD
NOT EXCEED Voo. NON- SQUARE WAVE
INPLTS MAY REQUIRE INPUT TAILORING,
USE COMPARATOR TO SHARPEN SLOw RISING WAVES.

35
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PHASE-LOCKED LOOP (PLL) voo(r3-15v) sis ¢2 g DEMOD =
12 I

ZENER ouT V(O IN

404 6 lbt 15| 14] 13 o] 9

y 2
E XCEPTIONALLY VERSATILE CHIP. CONTAINS A iy
TWO PHASE COMPARATORS AND VOLTAGE p2| \#1
CONTROLLED OSCILLATOR (VCO). WUSE VCO VCO
AND ONE PHASE COMPARATOR TO MAKE \
PLL. CIRCUITS ON THIS PAGE USE V(O Ly T
ONLY. SEE RADIO SHACK SEMICONDUCTOR
REFERENCE HANDBOOK FOR MORE ] 2] 31 4] s] o] 7| 8L
INFORMATION. $2 P1 com vco vCo _%_J £

ouT oOuT IN ouT INH
SPEAKER AMPLIFIER"

8-0OHM SPEAKER

TUNABLE OSCILLATOR

- i Cl .00uF
USE WITH CIRCUITS A J(
ON THIS PAGE. |

b|{ G
RI
CHIRP BURST SEQUENCER  sook 3.8 4o+ 4 570
L (vco) AMP
Va. sl 5 le_{ ADIVST RI
. TO VARY
-4 R2 FREQUENCY
= 100k (05 Hz—>18.5KHKz
= +9
A
14
13 L |
Jan
\/q
4066
:[ [-—‘ OOS/qF 7
9 330K
: AMp (veo) R3
—L &S H0K
- I Sit. 8 \uf
R2: ADTUST FOR |-4 CHIRPS PER CNCLE. RY P
CRIRPS wWiLl HAVE DOIFFERENT FREQUENCIES. 100K = -
-
R3: CONTROLS PITCH OF CHIRPS. CHANGE R\ OR C! TO ALTER CYCLE TIME,
FOR TONES INSTEAD OF CHIRPS, CHANGE R4 OR C2 TO ALTER FREQUENCY.
CONNECT TO PIN (2 [NSTEAD OF PIN |l. CHANGE R3 OR €3 To ALTER WALL,

36
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PHASE LOCKED LOOP (conTiNuebd)

T FREQUENCY SYNTHESIZER

TIMEBASE
OSCILLATOR
7}

SOUND EFFECTS
GENERATOR

+ L2 =

V34049
!o I uF

CONTRSLS
FREQUENCY +9 - é___l o.\uF
'“T 6 7 14
5]
4046
o PLL
o )
Wi 2 8] 5| B8] 100kt
1K Juf
108k r v
_E S
=3 +9
FREQUENCY oOULT
m le
15| 4017 8
1 i
3] 7 lol T 5] o] 9 n§
l ré x 4 Xié xé xg x% X =
PRODUCES FASCINATING VARIETY OF
VN DULATING AND CROPPED TONES. L5 SELECT TIMEBASE FREQUENCY
R\ CONTRoOLS CYCLE TIME ., R2 MULTIPLICATION FACTOR. SE&T
CoONTROLS DELAY TiIME, R4 cConTROLS TIMEBASE 7O ~ IOOH=z,

FREQUENCY RANGE. s CoNTROLS
CHOPPING RATE. CHANGING RS’s

SETTING  Glves mosT peamaTie Resucts.  JONE RURST GENERATOR

+9
* \ RI SETS TONE FREQUENCY.
LOCK INDICATOR RI o
Voo 500K }_’i_,TO AM P
To 9] 4046
4o4e: (vCo) S
1K Y
] PN}
o INGIY | Pin 2 L. o.coluf| BursT
LED RATE.
¥ 25
USE TO L_{.os LED GLows orR 34049
VERIFY Lock 1 FLICKERS WHEN c2
OF 4046 N =] 404¢ IN PLL MODE 4.7uF
PLL MOOE. IS our OF tocCk,.




1024-8BI1T STATIC RAM
2102L

1024

I-BIT STORAGE LOCATIONS ADDRESSED

BY PINSs AO-~-A9q. TTL /LS COMPATIBLE.
CE (CHIP ENABLE) INMPUT CONTROLS R/W
(READ /WRITE) OPERATIONS). 3-STATE OUTPUTS.

A7 A8 AQ CE ouT IN +5 GND
b 15| 14| 13] 12f ny| 1of 9

——

NOTE UNUSUAL LOCATION
OF POWER SuPPLY PINS.

(AO-AQ: AOGDRESS INPUTS)

CE R/w!l OPERATION
T2l 37 4] 5T ¢ 7T &
L L WRITE (LOADS BIT AT PIN 1) AL A5 R/w Al AZ A3 A4 ADO
L H READ (OUTPUTS BIT AT PIN 12)
H X HI Z (ouTPur EMTERS THIRD STATE)
CLEAR o _ 14
(WHEN H) nj74193/ 21 02L ADDRESSING CIRCUIT
e
79(3193 | 2 >J
8
5 3 iy
7 e
12 "
74193/
14 b S 7
117405193
I
2 K-
8
5 3 _E
7 - D
12
74193/
14 b -y
1Ll 74Ls193
[
2 » B
8 >
5 3 - A 1\
ADDRESS
4 IS 16 ! 2 7 G S 4 8 LINES TO
i OTHER
zZio2L’s
9 2/i02L
-L— ¥ & q |2\L lsl Zl
il b2 ] cLock THE ADDRESS INPUTS MUST BE

38

IN ouT CE RMW

STABLE DURING R/wW OPERATIONS.
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1024-BIT STATIC RAM (conTinvED)

2102L

ADDING PROGRAMMED
OR MANUAL JUMP

ADD THESE CONNECTIONS TO THE

ADDRESSING CIRCUIT omn FACING PAGE.

SA—SI: UsE

8-POSITION DIP
SWITCHES OR
MINIATURE TOGGLES. 9
OPEN=H ; CLOSED =L 74193/

S0 o o—t]74Ls193 |
SI § g o 'S5 L
S:H- L aior—
7‘{193/
SG 1»———-—0/0——|-Q-
74LS5193
SF i»—_.o/o_'
t
SE -1 97 O___lS_
SO cb——o/o——q—-
‘ 74/93/
sc 4o o012
749LS193
SB F g o J
!
S A "———0/ |15
SR
— é
=1 LOAD
NORMALLY THE LOAD (NFUT IS HIGH.

MAK ING LOAD Low LCADS THE
ADDRESS PROGRAMMED N SWITCHES
SA-ST INTO THE 74192’s. THIS
PERMITS A PROGRAMMED IJUMP
OR A MANUAL JumP TO ANY
ADDRESS,

PoeDOMTNOHLT HY

SINGLE I/0 PORT

I/o conTROL

I/o PORT

1= Yo 74L5307

Ismay

ADD THIS CIRCUIT TO THE
ADDRESSING CIRCUIT ON FACING
PAGE. WHEN I/o (InpuT/ouTPUT)
ConTROL IS H, PIN 3 OF THE
7445367 ENTERS THIRD STATE (HI-2)
AND I/0 PORT ACCEPTS INPUT
DATA. WH EN PIN 3 OF THE
79L5367 Is L, If/o PORT
OUTPUTS DATA . BOTH THESE
OPERATIONS ARE DEPENDENT
UPON THE STATLUS OF THE
2l02L CONTROL |INPUTS.

CASCADING 2102L'S

ADDRESS Bgus
RliISlL| 12|76 |S]|9|8 qlislie|l 11271 |5(9]8
2102L~A 2102L-8
WHiZf 3 13149 ho Inpizy3 i
{ L I 39'09.’.5
;GND
__oCE
IN A o R/wW
IN B o e e 2, IOUT (B
- ¢0UTA

39



1024 x 4-BIT RAM
21 | 4L /4045

1024-49-B/T STORAGE LOCATIONS ADDRESSED
BY Pins AO-AQ. TTL/LS COMPAT/BLE.

FOR READ/WRITE OPERATIONS, CE (CH/P ENABLE,
ALSO CALLED CHIP SELECT) MusT BE Low.
WE INPUT  MUST BE tOw TO WRITE

(LOAD) DATA INTD CHIP. WHEN  WE

s HIGH, OATA IN ADDRESSED

LocATION  APPEARS AT  [NPUT /oOuTPuT
PiInsS. TIDEAL CHIP FOR DO-IT-YOURSELF
MICROCOMPUTERS AND COMTROLLERS.

*S A7 A8 AQ A B ¢ D WE
18] 17] 16} 1S] 4] 13} 12 I} 1o
- —
INPUT/ OuTPUT
PINS
AO-A9: ADDRESS INPUTS
WE: WRITE ENARBLE
121 31 4] s &) 77 8] a4

Ab AS A4

A} AO Al A7 CE GAND
@9

CLEAR o o
(WHEN H) ]l v41a3/ 21 14L ADDRESSING CIRCUIT
[ o
[ 7405193 (2 > J
8 - 1
s 3 5"
B e d )
12 7 5 H
9] 74193/
b e i
17415193
1o
2 1B
8
>
& 3 . E
12 i —
9] 74193/
b Ak
{74L5193
o
2 —»B
8]
Y 3 ap N 1\
ADDRESS
15| le| 17 | 2] 3] 4 7 6f § LINES TO
18 OTHER
2114L 2114L's.
q
= .= cLOCK 1 tzl 13] 14 8 lol
THE ADDRESS INPUTS
oy (e B A CE wEg MUST REMAIN STARLE
INPUT /ouTPUT (€9) DURING R/W OPERATIONS,

HO

-
A

()
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1024 %X 4-BIT RAM (comnTiNnuED)

211 4L

MANUAL JuMP: . SET SWITCHES A-J

/4045

1024-NIBBLE

DATA LOADING CIRCUIT

TO DESIRED ADDRESS, 2. PRESS  Sé, | _
(NIBBLE= 4-BIT WORD OR Y2 8-8IT wWORD)
SI— CLEAR
ol 14
8| 79193/ ULSE  THIS CGIRCWIT TO MANUALLY
lo STORE UP To 1024 4-BIT WORDS
9| 79L5193 IN A 2Ny L. AFTER THE DATA
o 1S LOADED, IT CAN THEN BE READ
IT"G/ ! 2 BACK AT TRE CLOCK SPEED. THE
14 -~ IS DATA OUTPUTS ARE PINS |I-14 WHEN
1 1 DATA INPUT SWITCHES ARE AT NEUTRAL.
$ 5 3
SPST WRITE: | SWITCH S2 TQ THE
TOGGLES ‘ BOUNCELESS PUSHBUTTON.
‘L 2 7/ 2. SWITCH Sy AND SS TO L.
14 3. CLOSE S3.
8&|749193/ 4. INPUT DOATA.
1o [ 5. PRESS RBOUNCELESS PUSHBUTTON.
He oo 9| 79¢s/93 b. REPEAT STEPS |-5.
een Ic
. 5 ] 2 READ:|. OPEN S23.
Ebo o 15 2. SWITCH S5 To H.
t 3. CLOSE, THEN OPEN, SI.
y - <) 3 H; SELECT CLOCKED OR
2 5 MANUAL  OUTPUT (S2).
USE AT
ALL Tc 2] 3 B NOTE:
PWR SAY 14 BEST TO OUTPUT DATA
PINS. __ 874193/ THROUGH 74L$367 HEX
1o o BUFFER.
D b0 I|74es193
Cp—o0o— 10 !
84 00— > Z i S4 —~ CHIP
Ay—o0o— 12 ~ENASLE
\ 1 | ‘
Sb—Lomn = 3 nd ]
(NormALY IS| Mol 1| 1| 2] 3] 4] 7] | 5
CLOSED) 8 CE
2114L ()
9
O—p CLOCK 2 € i g WE
S2 T 12 13 14 10
SPDT — 7 O BOULNCELESS
TOGGLES PUSH BUTTON !
DPsT—wL'___ —~—n L j L HT L rﬂ L HIT L H
{TDG LE || c% ) : :
" L Leld DATA INPUT SWITCHES S5~ WRITE
= +5 53— WRITE (SPOT WITH NEUTRAL CENTER) ENABLE

Hl



COMPLEX SOUND GENERATOR

SN76L'77N , SN7"‘188N NOTE: THE SN6488 INCLUDES BULILT-
IN SPEAKER AMPLIFIER. THE SNI64? -
DOES NOT. -
INCORPORATES S.L.F. ENVELOPE SELECT | | 28 ENVELOPE SELECT 2
(SUPER Low FREQUEANCY PINOUTS
OscittAToR), VCO GRounD Z| FOR BoOTH [27 MIXER SeteécT C
(VOLTAGE CONTROWED T CHIPS ARE
OscieLATOR), NoISE EXTERNAL NOISE CLOCK3| IDENTICAL tl‘_’ MIXER SELECT A
GENERATOR AND A EXCEPT:
MIXER TRAT ALLOWS NOISE CLoCK _MA_ 4] 25 MIXER SELECT B
THE OUTPUTS FRoOM SN488 —
ONE OR MORE OF NOISE FILTER _MA_ 5] PIN 12 s |24 ONE-SHOT A
TRE ARBovE To BE AN AUDIO ) |
COMBINED. CAN BE NOISE FILTER __|— &f INpUT.  [2® OnE-SROT 1 —
OPERATED TOGETHER
WITH APPROPRIATE PECANY _AA__ 7 22 \yco SELECT
RESISTORS AND SNIL4N
CAPACITORS TO ATTACK [DECAY || B| REQUIRES ,ﬂ SLE
PRODUCE MANY KINDS SIMPLE.
OF sounDS. CAN BE system enABLe 9| ourPuT ﬁ? S.L.E _AMMM_
CONTROLLED BY EXTERNAL AMPLIFIER.
LOGIC. SEE DATA ATTACK _MA_ 0] 9 pPiTcH cownTROL
SUPPLIED wWITH CHIP FOR
MORE INFO. SN76477 AMPUTUDE _AMA_ I} snrcuag |18 veo  _aa_
AND SN?7488 ARE OuTPUT:
INTER CHANGE ABLE. ... FEEDBACK _AAA_ 12 A S N R
BuT sSNn76488 DoES 8-0HMm
NOT NEED OUTPUT AuDiO OUTPUT QL‘ SPKR lle EXTERNAL VCO
A MPLIFIER. NOTE: 2
THIS CHIP Is EASY +4.5 —12v (qv BesT) !4 IOMF 'S Veeg
TO USE IF YOUu FoLLow —
DATA SHEET INSTRUCTIONS.
PERCUSSION SYNTHESIZER
T
I SI— PRESS TO ACTIVATE SOUND.
—oleo
49K 1] 5] 19 9 “ RS2009
SN76477N K
100K lb | J
(vco @iAs)
2 r [+ 10 I 17 18 22p 23 24 {2 8-0HM
:L . :_}_ SPKR
22 S100 1 47K
[-lom | 33 ]M< K< kK< .47 100K .\T‘”O
7 S AN N
[ / / LW, -
J_ CONTROLS ADDS USE 270K FREQUENCY  CONTROLS * —
L3 DECAY EXPONENTIAL TO Stow CoNTROL SOUND 100—
DECAY ATTACK (Low= DRUM) DURATION 1o4F 500
=2 P~ 7 M T (VoLuMmE)

H2
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COMPLEX SOUND GENERATOR (conTinuep)
SN76477N /7 SN76488N

NOISE GENERATOR

|
A
NOISE SELECT PIN
15 28/ 4
Rs20049
SN76477N
8-0HM
I 4 5 QIQ lo | 26l 27 12 SPKR
47k 47K 470 100 100
pF K K
= PRODULCES STEADY HISS MAKE SNARE DRLM
BY CONNECTING PUSHBUTTON IN SERIES WITRH 100-500
SPEAKER. ADD S.L.F OSCILLATOR TO MODULATE (Vorume)
TRE Riss. (SELEcT S.L.F. + NOISE BY CONNEC- |
TING PInuS 25 AND 26 TO GND AMD Plir 27 TO
+9yv. ADD IM POT FROM PIn 20 TO GND  AND
uF cAPACITOR FROoM PIN 21 To GMD.) SOUNDS
LIKE STEAM  TRAN  OR PROPELLER AIRCRAFT
DEPENDING oN  ADIJUSTMENT OF IM POT.
+9
\ | S\-PusH FoR
— 0 0—— TONE SEQUENCE
+9
1 9] 22| M q 25| 26| 27| 28
RS2009
SNI6477N
A B~-0HM
2 7 8 10 T 7 18] 20] 2| 23 24] 12
+ nig l W +
oM .22/.‘F 100K | |00k JuF 49K IM 2.2 [33uF] 1M
MF
. N N A N
3 CoNTROLS VCo S.L.F CONTROLS F
DECAY FREQUENCY FREQUENCY SOUND 00 -
DURATION llo,«F So00
(voa.uMi

AND RELEASE TO HEAR UNDULATING TONE

THAT GRADUALLY DECANXS AND SToPs. CHANGE VCO

AND S.L.E COMPONENTS FOR MANY DIFFERENT SounND EFFECTS

RANGING FROM SIREN TO SCIENCE FICTION MOVIE SouUnDS. FOR CONTINUOUS
AT PINS 7,8,23,29 AND GROUND PIN 9.

SOUND) OMIT COMPONE NTS

PRESS oI



DUAL ANALOG DELAY LINE
SAD-1024A

CONTAINS TwO INDEPENDENT 512 STAGE
SERIAL AMALOG  DELAY (SAD) LINES
(ALso CALLED ANALOG SHIFT REGISTERS).
OK TO USE EACH 512 STAGE SAD
SEPARATELY OR [N SERIES. ANALOG
DELAYS oF UP TO VY2 SECOND CAn B8E
ACRIEVED. A 2-PHASE ClLock IS REQUIRED
TO DR\WE INPUTS @l AND 2. |NPUT
DATA RIDES THROULGH THE SAD ON
ALTERNATING CLOCK PULSES AWND
APPE AR AT THE TWwWo OUTPUTS AFTER
PASSING THROUGH ALL 512 STAGES.
ComnvecT Veo To Voo (PINT) oR, FOR
OPTIMUM RESULTS, To | Vour BeLOw
Voo THIS CRIP CAN BE TRICKY TO
USE SINCE SEVERAL EXTERNAL
ADTUSTMENTS ARE REQUIRED. CIRcuUITS
ON THIs PAGE EXPLAIN OPERATING
REQUIREMENT S WHILE A COMPLETE
CIRCUIT S SHOwWN ON  FACING PAGE.

SAD IN/OUT CONTROLS

+10 -15 PIA  P2A R3
RZ 8] 3l o 2K gs
471K 1K
2| SAD-1024 A ouvT
RI (SEcTION A)
lok | 7
4. 'S 1OmF OUTPUT

3 __.i" 6__0 IN BALANCE
INPUT RLAS

ADJUST Rl (INPUT BIAS) FOR OPTIMUM
AuDio OUT pPUT. OuUTPUTS APPEAR  LIKE
THIS ON A SCoOPE:

A/
S CLoCk GULITCHES

e
SuMmep ouTPuTs (A+A'): TT T .

SET SCOPE TO VISUALIZE INPUT SIGNAL
(COMPRESSING  CLOCK RATE):

Y

NC P28 ouT B ?IB
‘ IN 8 NC ouT B Vb
o | 15| 4] 13| 12] w) 10f 9

SECTION 29

e e mer —— — s ey, sen emm e ey

SECTION A

1T 2] 3] 4] 5] e.] 7] 8]
GND | 2A | out A |HIO-1TV
INA NC ouT A" @IlA

CAUTION: THIS NMOS CHIP IS
VULNERABLE TO DAMAGE FROM
STATIC  DISCHARGE! FoLLow

cMos HANDLIN G PROCEDURES.

SERVIAL OPERATION

Rl CONTROLS BRBIAS To SECTION R.
NOTE THAT oONLY ONE OUTPUT OF A
IS CONNECTED TO INPUT OF R.

ouTPUT SUMMER

WaVavau
~ 1K 2K — 100K

B ~ 2K
W {
—>

—

ANY OP-AMP CAN BE USED, BUT
Low NOISE FET INPUT TYPES ARE
BEST.

()

_—
-
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DUAL ANALOG DELAY LINE (conTinueo)

SAD-1024A

ADJUSTABLE FLANGER OR PHASER

AUDIDH*'
IN 1
_T_C’L R3 R2 ‘L 2-PHASE CLOCK HELPS TO
T louF 1K ct Hy CONNECT
100pF ~.00LuF  H1ZV FREQUENCY
RS RG COUNTER HERE
1K I1SK TO MONITOR
+ AM ~ CLocK FREQUENCY.
BRIDGE HERE TO EUMINATE N Mgty ) +’
Y HIGH-PASS CUTOFF +12V (_j
) SoiF T
OIuF v 71 8 E) c3 o] 4] 9 I HELPS TO CONNECT
-V Y I uF SCOPE HERE.
TLopy D42 SAD-1024A |5 ”I\L 12| sAD-1024A |[R9 |3
L5 + F SECTION A SECcTION B |[S09
LOow- / 7
PASS g by 24U ra |'® RIO S Rn
FILTER cio 47K LOW=PASS 21K 10K
+"'fV .O\mF FILTER N
EASIER TO 4 .
N _I— #
SET BIAS RI3 cy
(R13, R7) BY 10K il
CONNECTING gs
SCOPE TO PN RIS 1ouF AN
5 OF SAD,THEN 4.7k 5 6_) AUDIO T+
RA's CENTER ouT Cb RIB
TAP. START AN ) 10uF 10K
WITR Low RIH
LEVEL AULDIO IN. H.K R? *C7—ce:
S50k USE .O'uF FOR
Low ¢ RATES.
ADJULUST CIRCULIT FOR DESIRED EFFECT
BY CONNECTING TRANSISTOR RADIO TO
AUDIO INPUT. TUNE RADIO TO A TALK REVERBERATOR
SHow EoR BEST RESULTS. RI3 AND R?
CONTROL BIAS TO SECTIONS A AND B OF + 1/
THE SAD. R9 BALANCES THE SAD oOUT- % )
PuTs. RZ CONTROLS THE C(LOCK RATE. To PIN 2 1ouF
R17 15 THE MAIN  BALANCE CONTROL. OR PIN 3 M
IT CONTROLS THE RELATIVE AMPLITUDES OF TLO8Y (TRY BOTH).
OF THE ORIGINAL AND DELAYED SIGNAL
APPLIED TO THE MIXER. CONNECT THE ADD THIS FEEDBACK CIRCUVIT FOR
ouTPUT TO A POWER AMPLIFIER., YOU MuST UNUSUAL REVERBERATION EFFECTS.
ADIJUST BIAS CONTROLS PROPERLY FOR BEST Stow CLOCK FREQUENCIES GIVE
RESULTS. SET R2 FOR LOwW FREQUENCIES MOST STRIKIN G REVERBERATIONS.
(3-8KHz) FOR SINGLE ECHO. USE HIGHER TRY 5-20 KHz. FASTER CLock (20-
CLock FREQUENCIES (zo-IOOKHz) FOR Holow), 100 KH2) AND CAREFUL ADJIUSTMENT
SWASHY SounDS. NOTE: THIS CIRCLIT IS NOT GIVES ROBOT-LIKE SounND USED IN

FOR BEGIMNERS.

SOME SCIENCE  FICTION MOVIES.

H5



TOP OCTAVE SYNTHESIZER

S50240

THiIS PmMmosS CHIP ACCEPTS AN INPUT
FREQUENCY (¥  AND THEN DIVIDES IT
INTO A FuULL OCTAVE PLUS ONE NOTE
ON THE EQUALLY TEMPERED SCALE.
THIS CRIP 1S IDEAL FoOR Music
SYNTHESI12ERS, ORGANS, ETC. FOR
ToPr OCTAVE OPERATION, P SHouLD Be
2.00024 MHz, LOWER FREQUENCIES
Gl\VE LOWER OCTAVES.

ADJUSTABLE OCTAVE

+1v

50240

cLoCK 3

FOR TopP OCTAVE, ADIUST
RY FOR CLOCK FREQULENCY
OF 2.00024 MH=z. For
NEXT LOWER OCTAVE,
l.00012 MH2 (LOCK
FREQUENCY.

USE

SPECIAL EFFECTS

LAY

V4 40bL6
\ L]

R2

\) 10K

H6

a . . .

Y78 239 253 268 284 301 39 338

o] is| ] 3] 2] wj 10} 9|
NOTE
cCHipP NUMBER
MAY BE INVERTED.

"y ST AT ST el T el
+il-lbV @ GND + &
usi 4H2b qoz 379 353

SYNTHESI ZER

1 55 Ca# IMPORTANT :
PRESS omeY QONE SwITCH AT
__5___6‘\‘0__+De ANY TiME. TO OBTAIN
" S\MULTANEOUS TONES (CHORDS),
,2_5-1—0_1. Dg USE AN OP-AMP MIXER OR
SUMMING AMPLIFIER LIKE THIS:
e Bt B IS 100K
4 J=ide
o o—/\A___
ﬁ—o O 4 FB
i 100K
\ # & '
—q—-o O——<-F8 1
100K
""Lo_/vvx_4
— 3
10 a
——0O o———4¢ U8
_Z_E'L 1 00K
Py D—MA_4
,1'——0 O— 4 Ge
Y
4l #
=4
—H—O o—4 B3
T
L_’.-i_o o—4Cs
le = | Cg
- > TO AUDIO AMPLIFIER

TO PIN 3 OF CLOCK,

e LOL_RINS. IS0 EL IELRICIKe
THIS PRODUCES BAGPIPE AND OTHER UNUSUAL
SOUNDS. ADJIVUST Ri To VARY INTERRUPTION RATE.

()

A
.
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NOISE GENERATOR
S2688 / MM5837N

PRODUCES BROADBAND WHITE
NOISE  FOR AuDIO AND
OTHER  APPLICATION S. THE
NOISE QUALITY IS VERY
UNIFORM. IT 1S PRODUCED
BY A t7-BIT SHIFT REGISTER
WHICH 1S CLOCKED 8Y AN
INTERNAL  OSCILLATOR.

WRITE NOISE SOURCE

+ly-1S5v

Li L

320688/ 3 o
MMS83N

NOISE OULT
1
CONNECT OUTPUT SHE AULDIO
AMPLIFIER TO HEAR NQOISE .
USE 781S VOLTAGE RE GULATOR

TO ORBTAIN t S yoLrs.

COIN' TOSSER

+1y-15v ¥
N

1.5K

Y 6| 1] 5

! HEADS
szepe/ |3 3] 4027 ¥
MMS583IN 2 TAILS

| y 7 2

P

PRESS SI, BOTH LEDs GLOW. RELEASE
SI AND ONLY ONE GLowS. GROULND
INPUTS OF UNUSED HALF OF 4027
(P1vs 9,101 12 AND 13) ¥*(ok TO USE
9-voLT BATTERY AS POWER SUPPLY.)

gl 71 ol s

Vss = 0OV
Voo =-14V T 1y

Vee =-27V = 2V
(oeTionAL)

] 2] 3] 4

Vop VGG ouT VSS

PINK NOISE SOURCE

+ 14-15
4 R
IK— 0K
S2L88 JAA.l__,3
MM583IN +
e PINK NOISE
|L .0\”F'.ZAF1 Zap
CHANGE R AND ¢ TO
ALTER NOISE SPECTRUM.
AL&O, TRY (OWER SUPPLY

VOLTAGES TO CHANGE SPECTRUM .,

SNARE /BRUSH NOISE

RY
3.9k Ch-E> ”
i AA_OHF
cl (74
.05 F -Oluf
R2
S| '{(? 1K
tI4-1Sy
L’
SZb&B/.ﬂ
MMSB3IN PRESS SI  TO OPERATE,
| INCREASE C2 AND
Ul C3 TO LOWER OUTPUT
¥ FREQUENCY.

47



RHYTHM PATTERN GENERATOR
MMS871

PRODUCES Six DIFFERENT RHNYTHM
PATTERNS AND TRIGGERS FIVE
DIFFERENT INSTRUMENTS.
ADJUSTABLE TEMPO. COMPLICATED

TO USE, BUT WELL WORTH THE EFFORT.

2 TIME TRIGGER OUTPUTS
ATE
lbf 15] 4] 13] 12] n] 10} 9|
SEE FACING PAGE

FOR PIN EXPLANATIONS.

vl 2] 3] 4] s e 7] 8]
RH\(THM BOX VGG TEMPO Voo Vsg ‘“———-
w TIME
POWER PULSE WIDTH
CORD
\' ! z CAUTION: YOU MUST
o + INSULATE POWER CORD/
7815 |Z LM317 [CASE TRANSFORMER Cown-
o NECTIONS |
/ Ml 3 ¥
T A B T RI
lov-24v BRIDGE looo uF R2 240 >+27V
TRANSFORMER RECTIFIER ISV J 5K
(273—:qao> (‘no—u?z) . T . J_ p. - GND (‘TL)
J . P j 8
. B[ MBS R 2 r
T 1 )TEMPO EREEANAE T8
RS g llEg fe | 20§ | £
(o] -4 < « lo) 3
+* 524 1) 1M o o b3 2 9 7
'T R7 (i By Ee gmy
c2 R2 [C3 | RY ?oom
JAuF  J200k|duF | 2M CH R CS_JL
p. .005 < |00k |.005
qlilz2 ] Y s 2, 3 G] 7] 8l 4] 15| 1o
352688/ MM5871N
MMS837N
g J IZI i3 I o] 9
+27 Q.
o]} R8 Qi TRIGGER OUTPUTS
INGIy ook 2N2222 (SEE FACING PAGE)
0—-{4—4
| BASS DRLM
t27 o & i §
D2 Rq Ll St & BLOCK
(INCTE |oOK Q2
.__m_g__ 2N2222 - BONGO
- SNARE
S BRUSH

()
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RHYTHM PATTERN GENERATOR

MMS3587I

BASS DRULM

BLOCK

BONGO

SNARE

BRUSH

PERCUSSION SYNTHESIZERS:

OK TO TUNE BY MAKING
SLIGRT CHANGES TO RC
COMPONENTS,

* Ok To USE LM324;
TLO®H WORKS BETTER.

(conTinuED)

MMS871 PIN EXPLANATIONS:
| =Ves (-27Vvt2v)

2 —TEMPO CONTROL (RC NETWORK)
3 —TRIGGER 0UTPUT FULSE WIDTH
CONTROL (RE NETWORK)

4 = Nop (-14v? 2V)

Rlb 5-Vss (0OV)
10K 23K
PATTERN SELECT INPUTS —
b~ ROCK 8~ MARCH I5—-C/w
Co 7 - LATIN 1H—=WALTZ o~ SWING
.oz_l‘
TRIGGER OUTPUTS—
+15 9 -BASS |1~ BONGO 13— SNARE
R1q 10~ BLOCK 12~ BRLSH
220K )}
>_/V\/\—Cq R22 K
M e | RHYTHM RBOX OPERATION:
C10 i 3] {4
7 14 POTS RIO-RI4 CONTROL VOLUME
| MA iy WM RIl OF EACH INSTRUMENT. EXPERI-
R20 l R2) 5K MENT WITH SETTINGS FOR
1K 1K VA €q,cio BEST RESULTS. OK TO SELECT
iS5 R23 .005 uF TWO OR MORE PATTERNS SI-
IM MULTANEOUS LY !
\L
"
R24 CIt R I, VAY . WS
220k 4IM R33 SUMMING
> AAA C_lz}( q_v" - : VK s;APLlFIER/
LM 32y EAMPLIFIER
0/, RIZ
R2S SOK =
1.SK cn, e l—_ L37 gt
5 .005 uF 33uF ]
+15 AUDIO POWER
Hwl AMPLIFIER
R27 €13 R29 R3Y D3
3.9k 8.2K _ HS 50 127 v ZENER
>_/\/\/\_<rc;q-{ “’—-‘
/4 % .{,
__N\N_I_S_.imw RI3
R28 SK R3S
I K Ci3 Ci4 oK
+15 .022 uF GAIN
CONTROL
s
R30 |cis Rr32
3.3k 6. 2K 8 L
7‘/\/\/\_‘&4 SPKR
RI4 SK
R31
100K
+15

4q
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INTRODUCTION

TTL IS THE BEST ESTABLISHED AND
MOST DIVERSIFIED I C FAMILY. LS
IS FUNCTIONALLY [DENTICAL TO T7TTL
BUT 15 SLIGHTLY FASTER AND USES
80 % LEsSS PowgR. TTL/LS CHIPS
REQUIRE A REGULATED 9.75—-5.25
VOLT POWER SuPPLY. HERE'S A
SIMPLE BATTERY SuPPLY :

o N Ve
INY00I)
6-VOLTS = . WS

o W I‘IO/‘F l .lﬂF
A I : > GND

THE DIODE DROPS THE BATTERY VOLTAGE
To A SAFE LEVEL. BOTH CAPACITORS
SHOULD BE INSTALLED ONM THE TTL/LS
CIRCUIT BOARD. CIRCUITS WITH LoOTS
OF TTL /LS CHIPS CAN USE LOTS O&F
CURRENT. USE A CommERCIAL 5
VOLT LINE POWERED SUPPLY TO SAVE
BATTERIES. OR MAKE YOUR OWN.
(SEe THE 7808 o~ PRGE 94.)

OPERATING REQUIREMENTS

l. Ve¢ MuST NOT EXCEED 5.25 volTs.

2. INPUT SIGNALS MUST NEVER EXCEED
Vece AND SHoutd NOT FALL BELoW GNOD.

3. UNCONNECTED TTL/LS INPUT S
LSUALLY ASSUME THE H STATE ...
8UT DoN'T counT ON 1T/ /F AN
INPUT IS SUPPOSED TO BE FIXED AT
H, CONNECT /T TO Vcc.

Y IF AN INPUT IS SUPPOSED TO BE&
FIXED AT L, CONNECT /T TOo GNO.

5. CONNECT UNUSED AND/NAND [/ OR
INPUTS TO A USED INPUT OF THE
SAME CHIP.

6. FORCE OUTPUTS OF UNUSED GARTES H
To SAVE CURRENT (NAND— ONE INPUT

Hy NOR— ALL INPUTS )]

INTEGRATED CIRCUITS

7 USE AT LEAST ONE DECOUPLIN G
CAPACITOR (0.0/— O./ mF) FOR EVERY
5-/0 GATE PACKAGES, ONE FOR EVERY
2-5 COUNTERS AND REGISTERS AND
ONE FOR EACH ONE~SHOT: DECOUPLING
CAPACITORS NEUTRALIZE THE HEFTY
POWER SuPPLY SPIKES THART OCUVR WHEN
A TTL/ts OUTPUT CHANGES STATES.
THEY MmMusT HAVE SHORT LEADS AND BE
CONNECTED FRoM Ve TO GND AS NEAR
THE TTL/LS ZCs AS POSS/BLE.

8. AVO/ID LONG WIRES WITHIN CIRCUITS
9. IF THE POWER SUPPLY IS NOT ON THE
CIRCUIT BOARD, cCONWECT A /I—/ouF

CAPACITOR ACROSS THE POwWER LEADS
WHERE THEY ARRIVE AT THE B0AROD.

INTERFACING TTL/LS

l. | TTL oOvuTPUT wWiLlL DRIVE UP TO
10 TTL OR 20 LS INPUTS.

2. /| LS OUTPUT wiLt DRIVE UP TO
§ TTL OR /10 LS INPUTS.

3. TTL/L S LED
Ve

[ IK;T

GLOowS WHEN L

DRIVERS

K A
t A0l

GLOWS WHEN H ~

TTL/LS TROUBLESHOOTING

|. DO AlL INPUTS GO SOMEWMNERE ?

2. ARE ALL IC PINS
THE BOARD OR

INSERTED INTO
SockeT ?

3. DOES THE CIRCUIT OBEY RALL TTL/Ls
OPERATING REQUIREMENTS?

4. HAVE YOU FORGOTTEN A CONNECTION?

5. HAVE You USED ENOucGH DECOUPLING
CAPACITORS ? ARE THEIR LEADS SHORT?

6.1S Vo AT EACH CHIP WITHIN RANGE?

S|



QUAD NAND GATE i)
7400 /74L SO0 wd 13 2] u) oo 9] s

THE BASIC BUILDING BLOCK CHIP LE)J

FOR THE ENTIRE TTL FAMILY., VERY
EASY TO USE. HUNMDREDS OF APPLICATIONS

CONTROL GATE it

A

_—
-

i N

174 Yoi s ouT
71400

| Z

B (conTROL)

INVERTER

Vee

14

A
Vu
A _{Zi}g‘ ouT : H

NOTE: PIN NUMBERS CAN BE =
REARRAGED IF DESIRED.

Y7
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QUAD NAND GATE (conTinueD)

7400 /74LS 00
HALF ADDER RS LATCH
<1 7 [
L | NOT ALLOWED
H H L
L L H
H NO CHANGE

—1

GATED RS LATCH

FUNCTIONS AS RS LATCRH

HIGH, WHEN ENABLE (E) INPUT IS
No RHIGH. IGNORES RS INPUTS

WHEN ERLS LOW.

WHEN ENABLE (E) INPUT IS
Q ovuTPUT FOLLOwWS D INPUT.

CHANGE WHEN E IS Llow.

LED DUAL FLASHER SWITCH DEBOUNCER

Vee

ouT

TOGGLE S!
TO OPERATE.

LAAA_
4.9k
FLASH RATE IS | 3
2 Hz WHEN CI
AND C2 ARE 474K PROVIDES NOISE FREE  OUTPUT FRoM
", STANDARD SPDT TOGGLE SWITCH.

53



TRIPLE 3-INPUT NAND GATE V.. (+5V)
74LS10 wh 1) ) w) w0 9] 8

VERY USEFUL IN DO-IT-YOURSELF
DECODERS. ALSO VERY RHANDY
FOR ADDING ENABLE conTROL
TO DIGI{TAL CIRCUITS.

| -OF -4 DECODER S B L L -

Vec
1 y 14
- 7':10 25 0
13 ENABLE INPUT
INPUTS Vee 1
3 e~ Vee
\,
A 1 Y 2 i‘boq 4 /3 L ! ' ‘/3 14
410 St 8 I8
v S - 7‘47‘110 __)l’L
= i3] s
9 - INPUTS OUTPUTS
2 13 iz ly _10 10| '3 812 I
] 7o 912 .
7}1)0 e
Veo LS
1,2,3,49,5 = /¢ 7904 /741504 [ % " _7
z 123 -
i
E 715508 e ENABLE (WHEN R)
4
& TYPICAL ENABLE  [NPUT
FOR EACH oOF 4 POSSIBLE BINARY INPUTS CiRcu!IT. USE THIS METHOD
(LL, LH | HL AND HH) ONE INPUT GOES LOw TO CONTROL ONE  OR
WHILE ALL OTHERS STAY HIGH. E SHoutb Be H. MORE GATES.
OUTPUTS > O I 2 3 4 5 % 7
Vee 7 Y 8 Vee § 2 o Vee 5 e
INPUTS w/ /3 V3 Y3 , Y3 bz ) V3 14/ V3 Y2\ 7
+ Vee I4Ls10 24L510 19L$10 24L8 10 24LS IO 24L5 10 74L5 10 74L$10
) 1] 2ls 3[ 4| s G| o] n a3 3] 4f s YR B NEARD 3] «[ s
A i M 2 = =3 =

B 3E>$1 i

v 1,2,3= Y2 7404 /74Ls 04

y
“-—

FOR EACH OF 8 POSSIBLE  BINARY  /NPUTS (LLL, LLH, LHC...HHH),
ONE OuUTPUT GOES Low WHILE ALL OTHERS STAY HIGH.

SH
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DUAL 4-1NPUT NAND GATE
74LS 20 ] 13

MANY DECODER AND ENCODER
APPLICATIONS. CAN B USED

As

WITH
FOR EACH GATE.

VC( (+S V)

DUAL I-INPUT NAND GATE

ENABLE (CONTROL) /NPUT

BCD DECODERS

BCD ocOoco=H

OuUTPUTS GO HIGH  WHEN APPROPRIATE BCD WORD

APPEARS AT INPUTS DCBA. oOuTPUTS STAY

Low

FOR ALL OTHER INPUTS. (OMIT FINAL INVERTER TO

PROVIDE ACTIVE LOW ouTPuT.) USE THIS METHOD
DECODE ANY  44-8IT NIBRLE.

TO

BCD lool=H

DECIMAL-TO-BINARY CODED DECIMAL (BCD) ENCODER

BCD ouTPurs> A B c b
Vee & Vee 8 Vee 3
DECIMAL ty 2 Va2 Y2 ! Yy
INPUTS 14L530 s 74520 74Ls20 \2 2400/
¥ 74L500
o e '2]3[4]s]elM]Y B CIERIE 1 2
! = =
2
e
4y
5
b
7
8
9
SELECTED INPUT  SHOULLD BE Low AND ALL OTHER INPUTS SHoOULD
BE HIGH. BCcD EQUIVALENT WILL  APPEAR AT THE OUT PUT S.

55



8- INPUT NAND GATE

Vee (#5V)
74LS 30 1T 43l ) u] o] a] 8]
HANDY FOR BYTE -SIZE (8-81T) DECODING
APPLICATIONS. CAN DECODE UP TO
256 INPUT  COMBRBINATIONS. AlLso
USEFUL AS PROGRAMMARLE N AND
GATE.
] 2] 31 41 s| ¢ ZL
8-BIT DECODER ’
UNANIMOUS VOTE DETECTOR
A LDQL_——- V(_(
! 2~ \ N % :
[:t 1,23 4,5 6 = 7404/74L504
B i{>o“__ 1,2/= 7904 /74304
r—o/()_ﬂ : >0_—‘.1 Vee
AN . . 270
Vee L Vee »—O/o_%
Vee
p s[3.e ; & %J '
9 4 N
N S ol : ¥
E e 8 I e 5 {749¢s30
3 n 7 s N ©
— # L 5 I o/
E &= 12
2= 13 12 H E
2
G ,2345= R LED GLows
7404/ 79L504 PN 9 ] WHEN  ALL
INPUT SWITCHES
n 10 ARE CLOSED.
l v 3 4
A
OUTPUT GOES Low 0OmLY WHEN . =
INPUT 1S LHHLLHLL (DECIMAL 100). e
UP TO 286 INPuTs CAN BE DECODED
BY REARRANGING UP TO 8 INPUT
INVERTERS.
PROGRAMMARLE NAND GATES
S5~ INPUT 6- INPUT T-INPUT
) VC( t Vee \ Vee
[2]
. 14 z L] ———E ]
{3 3 3
y B 4 8 4 8
S |74Ls30 — 51741530 S |74Ls30
@ 3 ©
1 7 " b ] n 2
12 3 17 = ¥ =
S| —_—

56
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QUAD AND GATE

7408 /7HLSO8
-
-
ONE OF THE BASIC BUILDING BLOCK
CHIPS. NCT AS VERSATILE , HOWEVER,
AS THE 7400/74LSO0 QUAD NAND
GATE.
AND GATE BUFFER
VCC
' 1y
IN !@ ouT IN = OUT
2
USE FOR [NTERFACING  WITHOUT
CHANGING LOGIC STATES.
NAND GATE
Vee Vee 9]
\ N L L H
Ay @ \2 ouT L H R
B Al AN HL |H
‘ = — %7404 H H L
NOR GATE
H-INPUT NAND GATE
Vee
] 1y
i E Vee
.2 ( "
-
f ?:oo v ouT
o4 7
- b {2 AB _CD J|our
- 1 HH HA [L
1 X X X X H

8

V¢¢(+5 V)

Hﬁ i3] 12 uf o] 9 8}

v 21 3] 4| s e

DIGITAL TRANSMISSION GATE
Vee

iN E_ Jout
Lo il

L 1 L

R L 18

H H H
E=ENABLE

Vee

H-INPUT AND GATE

Vce

1 1Y

9

10 {7408 QuT
q
[
<%
- AR CD |our
L, HH HH lu
' Xx %% L

57



QUAD OR GATE Vee (+5 V)
T4HLS 32 i] 13} 1z} u) o 9{ 8

=

FOUR 2-INPUT OR GATES.
NOT AS VERSATILE AS 7402/

74LS02  QUAD NOR GATE, .
BUT VERY USEFUL IN SIMPLE
DATA SELECTORS. ‘

ty 2§ 3] 4] 5] & 7}

AND-OR CIRCUIT NOR GATE

Vece

OUTPUT GOES HIGH WHEN BOTA
INPUTS OF EITHER OR B80TH AND
GATES  ARE HIGH, OTHERwISE
THE ouTPUT IS Low. THIS BASIC
CIRCUIT IS ULSED TO MAKE
DATA SELECTORS ... AS SRownN

BELOW —1

2-INPUT DATA SELECTOR

DATA IN
A
SELECTS 1-0OF-2 INPUTS
ouT AND TRANSMITS (TS
LOGIC STATE TO THE
B OUTPUT.
Vee y
ADDRESS DATA IN oOuT
14
A B A
/ 3
Y37404 2 /5 X L L
\ L b S H H
R L X L
R H X H
] r= -
NOTE: FOR  2-INPUT DATA SELECTOR, -
A LSE 74LS27 NOR GATE  FOLLOWED
BY INVERTER AND PRECEEDED BY
ADDRESS (DATA SELECT) 74Ls/0  3-INPUT  AND GATES.
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QUAD NOR GATE
7402 /74LS 02

\)

7400 / 714LS00 QUAD NAMD

TO BoOTH INPUTS OF A

BUT NOT USEP AS OFTEN. _

ADD INVERTER ( 7404/ 74L504) I—(ﬁ’ ’-@’j'
NOR

GATE AND AN AND GATE IS !

FORMED.

EXCLUSIVE -0OR

THIS CIRCLUIT IS EQUIVALENT

' TO A BINARY RALF - ADDER.

JUST AS VERSATILE AS THE (:é

GATE...

GATE

TRIS CIRCUIT IS A MONOSTABLE
MULTIVIBRATOR OR PULSE STRETCHER.
AN INPUT PULSE TRIGGERS AN
OUTPUT PULSE WITH A DURATION
DETERMINED BY R AND . OuTPUT
PULSE wIDTH IS APPROXIMATELY O.8RC.

\)

| Q g
AT i AND GATE
/I8 H

NOT ALLOWED




TRIPLE 3-INPUT NOR GATE Ve (+5)
T4HLS27 HT i3] 12] u] o] 9| 8|

y g
-

USEFUL FOR DATA SELECTORS
AND NOR GATE FLIP-FLOPS
THAT REQUIRE CLEAR AND
PRESET INPUTS.

GATED RS LATCH =

PRESET

R

CLEAR

FuncTiOnS AS RS LATCH WHEN
E (ENABRLE) INPUT IS HIGH. IGNORES
RS  INPUTS WHEN E 1S LOw.

DATA IN Vee 3- INPUT DATA SELECTOR

3.
A y V3 6 SELECTS |-OF-3 |NPUTS AND TRANSMITS
5 | 749Lsio ; ITs LOGIC  STATE TO THE OUuTPUT.
|
r Vee
2
Q LAY i
8 = 3 8 3 " = & 69 8
{7Lsio [2 1 e 4 ouT
1
Vee - |‘2|3‘H=1/3 7404 /141504
] 1y 7 ¥
3 74LS10 S i
-
y o ADDRESS DATA IN oOuT
Ve =
WA 2 B A Cr BlIA
1 L, L X X IL; L
i w3 h X. Xi 'R H
: 1,2,3,4="/3 74904/ L H 4 N .Y L
1 74LS 04 (S [T (2] X H X H
7 R L LB X1 1k L
1 n ) 5 H X X H -
} 13 b H H X X X L
B A -

ADDRESS (DATA SELECT)
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DUAL AND-OR- INVERT GATE
74LSS5!

VERY VERSATILE BulLDING BLOCK
CHIP. IDEAL For CUSTOMIZED
DATA SELECTORS, LATCHES
AND EXPANSION OF A SINGLE
INPUT To AN AND-OR |INPUT.

LATCH WITH ENABLE INPUT

Voo
14
3 ! —0O DATA
TS e 1904
ENABLE
Vee
| 13 9 10 2 x H S
-
14 v ‘/l
TH4LS S A3 311 -
8 o
Q Q
Q OuTPULT FoLLows DATA INPUT
WHEN ENABLE INPUT IS HIGH. No
CRANGE WHEN ENABLE S (OW.
TRIS CIRCUIT SELECTS

I-OF- 2 4-8IT wWORDS.

NoTE THAT TEE

SELECTED \WORD IS INFUTS > D v}
INVERTED AT TBRE ? o)

QOUTPUTS. TRE CIRCUIT

Vee(+#5V)

"Lt i3] 12} n] iof 9| 8

] 2] 3] 4] s

TYPICAL AND-OR

l/.l
TYHLSS)

ENABLE
INPUT

INPUT

out = (AR)+(CD)

<«_TYPICAL TTL
CHIP.

LoOgIC

I1-OF -2 DATA SELECTOR

REQUIRES Two

LS S5 CHIPS.
i3 9 o 21 [3 4 S | i3 9 10

INPUT ADDRESS Vee Vee
A ouT (A) N 7 ~ 7

X X 7 THLSS? 14 4 74LS 51
n i H 4
H X H L i 8 e hi 8 ?b
L - H w 1o b oa
L H X L DuUTPUTS—> D c 8 A

ol



DUAL NAND SCHMITT TRIGGER

THLSI 3

TwO 4-INPUT NAND GATES

WITH A SWITCHING THRESHOLD.
OuTPUTS Go Low WHEN [NPUTS
EXCEED 1.7 VOLTS. QUTPUTS GO
HIGH WHEN INPUTS FALL TO

0.9 vocLr. IF ANY INPUT IS Low,

THE RESPECTIVE OQUuTPUT wiLL
STAY HIGH AND  THE GATE
NOT TRIGGER.

wiltl

GATED THRESHOLD
DETECTOR

VCC
CONTROL
3 HEH
/rOUT
==~ INDICATES == (WHEN CONTROL
THRESHOLD LEVEL. (NPUT IS HIGH)

GATED OSCILLATOR

ConTROL @ 74LS)3

C\

OV uF
OSCILLATES WHEN CONTROL IS HIGA.
CHANGE RI AND CI TO CHANGE
FREQUENCY. Ok TO ULSE THIS (CIRCUIT
AS GATED CLOCK FOR LOGIC CIRCUITS.

62

VCC(‘ SV)

|*1f 3] 1

IS
-2
o
®

)
g
b‘ 7_1;_

[
i

il 2] 3] 4] s

PHOTOTRANSISTOR
RECEIVER

Ql: PROTOTRANSISTOR
(RADIO SHACK
276-130 ,€TC.)

USE TO C(CLEAN UP [NCOMING LIGHT PULSES.

TWO-STATE LED FLASHER

1K

ConTROLD

ofz]=]-

220

\\

LED FLASHES TWwICE EACH SECOND

WHEN CONTROL INPUT IS HIGAH.
LED STAN S ON AND DOES NOT
FLASH WREN (CONTROL IS LOW.

()

_—
..
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QUAD NAND SCHMITT TRIGGER
74LS 132

NAND GATES WITH A 3SWITCHING
THRESHOLD. OUTPUTS GO LOW WHEN

INPUTS EXCEED .7 VOLTS. OUuTPUTS
Go Low WHEN INPUTS FALL TO
0.9 VOLT. VERY LUSEFUL FOR

CLEANING OP DIGITAL SIGNALS
BEFORE THEY ARE ALLOWED TO
ENTER A LOGIC CIRCULIT.

WAVE SHAPER

IN e ouT

HIGH.

ouT

100 MF

TRIGGERS
ENABRLE

Vee (4- S V)

14

i3] 12| n}

o] a| 8|

i

2] 3] 4] s| & 1[:

LED FLASHER

A B

FLASHES
ABOULT
TWICE
EACH
SECOND.

220 1L

WHEN
INPLT IS
ouTPUT HIGH
WHEN ENABLE LOW.

T 77 INDICATES THRESHOLD LEVEL.

ADDING ENABLE INPUT

ENABLE Vee

PRESSING si

GIVES
CLEAN
PULSE.

SINGLE ,
OuUTPUT
USgE FOR

ManLALLY INTECTING

LoGic

SIGNALS, ETC.
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HEX 3-STATE BUS DRI VER Vee (+5V)

G2

THLS 367 tof 15| 14] 13| 2] n 10| 9|

EACA GATE FUNCTIONS AS A [.; [‘%

NON-INVERTING BUFFER WHEN

()

ITs ENABLE INPUT (G OR G2) o -3
IS LOW. OTHERWISE EACH GATE'S
QuUTPUT ENTERS THE HIGH
IMPEDANCE (HI-Z) STATE.
( T2 =% s & 71 8

HERE'S THE Gi =

TRUTH TABLE:

ADDING 3-STATE OUuTPUT

T T
| -OF -2 DATA SELECTOR OV“T 2

e TTL oR LS
T"' CHIP

3-STATE OUTPULT

7HLS36T ENABLE INPUT
B Ml N 3 <
1S ﬂ/ -L-)
ouT BIDIRECTIONAL DATA BUS
A z l S 3
L DATA Vee
Vee S (SELECT): IN T"v 0 )r } A
118 H= A 74LS3L7
S o4 —~5 L= B p 2| N s TWO -~ WAY
AN v+ et o (8!DIRECTIONAL)
= Yo 7404 ODATA BULS
Cod IS 5 /
I-OF-2 DATA SELECTOR
INPUT M- SELECTS B o] 7
WORDS T"- 1-0F-2
SRICBIsl 2-8IT WORDS.
B 7 S~ 2 A o] NG 9 Vee DATA
I/l L~ T"v ouT
) 79LS367
WRITE o ! |8 2 >i> D
A 4 S —
S
d >——> ¢
BI 5] N 13 -
’ 2 {>—l> B
oUTPUT
. WORD q
A 1z i — 1 {>——-—> A
Vee V _—
SELECT:
o_ju S E _e YYYY 8 L'_OREAD =
SELECT 7 Vo404 R = B A DG BIA LSS
= L= A
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HEX 3-STATE BUS DRIVER
74LS358

EACH GATE FUNCTIONS AS AN
INVERTER WHEN ITS ENABLE
INPUT (GI OR G2) 1S LOow.
OTHERW!SE EACHR GATE'S OuTPUT
ENTERS THE HIGH IMPEDANCE
(H1-2) STATE.

HERE'S The G 1IN | ouT
TRUTH TABLE H

rr

BIDIRECT IONAL
DATA BUS

ENABLEG—__

2= 3 7415368
3= e 74(5308

ONLY ONE INPUT
GATE CAN BE

IN ] ! | ENARLED AT ONE
TIME. ANY NUMBER
ENABLE 5] .18 {y OF OUTPUT GATES

CAN BE ENABLED.

GATED TONE SOURCE

—+
1,2 =
Ver .0S Y3 74is368
Ch W T
&
4.IK ? §2zo
Yk ENABLE
(4_= rous)
81
SPKR

TONE FREQUENCY = 3.8KH=2

Ve (+#SV)
G2
lef as] 4] a3) w2l wf 1o a}

[;@L?

GATED LED FLASHER

Vee

)

1,22 '3 7905368
270
. -

BOUNCELESS SWITCH

(WITH ENABLE)

K

L H
%

Vee 1,2=74L5368
(1™
14 13 12 1t
N ouT
15 8
ENABLE
(WHEN L)
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HEX INVERTER
7404 /74HLSOM

VERY IMPORTANY IN ALMOST
ALL LOGIC CIRCLUITS. CHANGES
AN INPUT TO ITS COMPLEMENT
(i.,e. H>L AnD L-—>H).

BOUNCEFREE SWITCH

L__}OUT

OUTPUT FOLLOWS
SWITCH POSITION.

1,2= Y3 7404 J74Ls04

UNIVERSAL EXPANDER

VCQ (* 5 V)

w3 ) u| o] 9] 8]

glialte

2] 3] 4] s| e I

AUDIO OSCILLATOR

Vee
OUTPUT TONE t

1, 1= 74904 /7491504 g

270

.I/AF

X GV 3{?&”‘ 1
el 40 ALLOWS ONE ]
SIGNAL TO
IN OoUT(=TR) conTROL 2 OR L
q 8 MORE  INPUTS. i 8 Jl
5 SPKR
I-OF-2 DEMULTIPLEXER
Vee
Vee ! 1y
! n 3 ouT A
DATA ! 2 THIS CIRCUIT STEERS THE
IN 7 V2 740g INPUT  BIT TO THE OUTPUT
i h # SELECTED BY THE ADDRESS.
- - e ouT 8
THIS TECHNIQUE CAN  BE
USED TO MAKE MULTIPLE

5
1,2,3= 7404 /74Ls04 |,

OUTPUT DEMULTIPLEXERS.

2
& DATA | ADDRESS| ouT A ouT B8
11
L L L H
H L H H
/3\ L H R L
3 H H B e 1]
A
(ADDRESS)

66
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H4-B8I1T MAGNITUDE Vee (*5V)

Ay B2 AZ Al Bl AO BO

COMPARATOR 1o 15] | 13] 121 1| 10f 9
74HLS8S

INPLTS -
COMPARES TWO 4-BIT WORDS. INDICATES ’_‘ OUTPUTS \
WHICH S LARGER OR IF THEY ARE EQUAL.

8-BIT COMPARATOR T 2] 3 8] 5} ¢} 7§ o
B3 ALB AB A>B A>B A:B AR =
HIGH EQUAL Low

(ourPur LEDs ARE OPTIONAL.)

Vcc = Vee
u.T 5 b 7 s A 7 u.T
2 |
74LS85 3 ’ 74Ls 88

l.‘
D C B A D ¢ B A i sE TR T I AT TR A
is| i3] a2 :o) il T} Q[ s 13 12( ;ors ] 4] 9
B IN B IN A IN AN
Vee Vee Vee Vee
T t ENTER GUESSES IN
1o lo S2-$5. AN OPEN
L"‘ o7 L0 SWITCH 1S KWIGH AND
S\ A CLOSED SWITCH
3 —Ju C |6 Mlc 1S Low.
l mLAY - B2 e 5 tl
1
N TOO HIGH
] Al3 9 1A
74193 /7405193 74Ls85 F P+
JmF Y CORRECT
N
I 5] oo 1230
PRESS SI  FCR NS Too Low
A FEwW SECCNDS 4] o= 12{8
TO LOAD RANDOM 270 §
NUMBER IN 74193/ SS| o ¢ 10} A
74¢s193. ULSe DiIpP
SWITCH ARRAY OR . _lf ___L

TOGGLES FOR 52-SS

&7



QUAD 1-0F-2 DATA SELECTOR ENABLE

Vee(rsv)| HA 4B 4Y 3A 3B 3Y

74LSI187 ot sl | i3] a2 nf| 0] 9]

A
A
FOUR 2-LINE TO I-LINE  MULTIPLEXERS.
MANY USES i~ ROUTING DATA. ALlLL INPUTS: A AND 8B
4 DATA SELECTORS ARE ENABLED OuTPUTS: Y

WHEN PinN IS IS LOow.

DOUBLE DUTY DISPLAY T2 3] 41 5| e] 7 al
o

SELECT IA 1B IY 2ZA 28 2 =

Vece
72
Pe—
e ] BUS SELECTOR
5
BUS J4LS157 Vee
. S i Tlu
7- SEGMENT _ 21 2
1 £ DECODER
(7447 [7448) a2 A o
5 AND RUS 74LS 157 BUS
3] 7~ SEGMENT A _ 0o B
12 DISPLAY.
b | 14 13
BUS 8
g o [l o SELECT SELECT o 1 I5
3 Low = BUS A Low =8us A H "l ‘71 '21 4
HIGH= BUS B HIGH=B8US B
e r_f’.] ouUTPUT
—
Bus
A
BUS
B
Vee Vee
15 13 12 10 ] 14 N D | 2 s 1 14 3 6 1o 13
1o 16 l
74LS 85 T4LSIS7 1S
8 8
5 6 7 ] Lﬂ 71 ql lzl Ay
170 -
A>B A=B J ALB
Sl % ¥ LARGEST WORD Aax
._J_ o

THIS CiRcuIT CONTINUALLY MONITORS TWO DATA BUSES. 8us WITH
HNIGHREST MAGNITUDE DATA WORD 1S ROUTED AUTOMATICALLY TO OUTPUT.
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|-OF-8 DATA SELECTOR

THLS IS

EQUIVALENT TO 8-LINE TO |-LINE MULTIPLEXER.

PROGRAMMABLE GATE

3-BIT ADDRESS SELECTS ONE

Vee(+5V)
y 5 6 7 A B ¢
lbt 1s| 14] i3] 12| w] 0] 9]
E: ENABLE
OUTPUTS
~A—
Y w

1] 2] 3| 4 5] e 7] 8]

SWITCH AND APPLIES ITS STATUS
(oPEN= HIGH AND CLOSED = LOw) TO 3 2 I O ourour E T
THE  OUTPUT ANY 3= INPUT
LOGIC FUNCTION CAN BE
PROGRAMMED  IN SECONDS. PATTERN GENERATOR
o dumtoal Pt Ty g rwts = Low +
i Se RiGH + »
(L W ET D RE WD gl 3| 2{ | as| 4] 3] n
A Vee 7
e 74LS15]
8
2 12 S B A
& BamR. 5. %15, %/ FURRER.
16| TH4LSIS) (oRr) 3
8 3-BIT TO LED, GATED
- I . L COUNTER TONE SOURCE) ETC.
qrnornn 5l (,I <=
PROGRAM ANY DESIRED LOW-HIGH BIT
C B A OouT OuT PATTERN. THEN PLAY IT BACK.
Y]
IN
OCTAL KEYBOARD ENCODER
Vee Vee INPUT
i1 \ SWITCHES
Tl‘. 1o
IKS IKS 1K e gt Lot
> |up 74LS151
8 -E———Z)_L—O—“{’
74193/
4 7419193 bl K| ¥ M_sls 15
7400 C e /. ¥ Sille
9 10 1S -—L—: B
B2 I0|B
2 r—o’ ’J—B——os
A3 ||A
JR 21 5% 12
= v 8
3 L 1
PRESS NUMBERED SWITCH il
AND 1TS  BINARY 6 louT Tl e 1D
EQUIVALENT APPEARS ON
THE READOUT LEDs. THE READOUT LEDs: 7L§l
LEDs ARE OPTIONAL. OoN = Low (o) )

OFF= HIGH (1) =
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B8CDO-TO-DECIMAL DECODER

o | S 4y GND & 7 3
T4H41 16 1s] 14l i3] 2] 1} wo] 9

_—

A
DECODES 4-BIT BCD INPUT INTO - ||
{-OF-10 OULTPUTS. SELECTED
OLTPULT GOES Low;, ALL OTHERS —
STAY HIGH. ORIGINALLY DE SIGNED
To DRIVE GASEBOULS GLOW DISCHARGE
TUBES. ALL OUTPUTS GO HIGH For
BINARY INPUTS EXCEEDING HLLH (Ioo;). y 2 3} 4 51 6f 71 8

8 9 A D ve B C 2
(+5v)

|-OF-10 DECODED COUNTER

Vee
| 5| | £ & 5 B K| & 4
5 le| 15| 8 9 13 14 1 10 | 2|
p |t DO ) 2 . | q S [ 7 8 4
I I I ‘ . 14 c (8 1ic S
IN 7490 [74Lsqo0 B9 Clg 7441
z A2 3|A 1
| ST |
Ll LEDs FLASH ON SEQUENTIALLY =, Ja
= IN RESPONSE TO DECODED
COUNT.  ONLY ONE LED SERIES
RESISTOR IS REQUIRED.
Vee Vcc Vu Vc(
R LA y R3- RI12 13
IM 5 5 (0-1K) 50K
ol 410 ofle A
7441 IW.
i 8 7490/ 218 A {
B 74LS90 C|8 7]c 309 | Bl 7l
R?. 3 14 41 13 JV\/\ q
K 555 3 L VY N |
2 B2 tlg CHL___AAA =) 555
3 208 as b
2] 6f! 4 sl __mA__ ¢
+ 7 Aliz 3|A (2N 1 Sy
(o] = E2.
HISTPEH 5 IS . N S W b PN EMIME >
- - » L - * -
INCREASE Cl TO OECREASE TEMPO. INCREASE C2 TO INCREASE TONE

FREQUENCIES. TONES ARE DETERMINED BY R3-RIZ.
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Y~LINE TO 15-LINE , (s
A B8 C D E2 El 15 14 13 12 1
DECODER 2&? 3| ] 2] 20] 9] 1] 17] te} i1s] 14} i)

7415y !
INPUTS

EACH 4-B1T ADDRESS

DRIVES ONE OUuTPUT LOw.

ALL OTHERS STAY HI/GH.

ENABLE INPUTS (El AND E2)

MusT Be LOw. IF OME OR tf 2 31 4 51 e 7| 8] qf w| u 'fL

BOTH  ARE HIGH, ALL . 1 32128 N IS M R 6 'S /0 5%

OUTPUTS GO LOw.

BACK AND FORTH
|-TO-16 DEMULTIPLEXER FLASHER

DATA ouT

LU L for

DATA 24
12

IN ~8 74154

9]
D C B A
zo‘ znl zz] zsl 74154

3

F
XWX

o

1\

x
X

SELECTED QUTPUT Vee

Is Low WHEN ADDRESS IN
DATA IN IS LOwW. (SsELECTS 1-OF-16
IF DATA N 1S OUTPUTS)

RIGH, SELECTED

QUTPUT IS HIGH.

—
w

ESEERTTRe

470

TRESE
LEDs

FLASH
BACK AND
FORTH.
VISUALLY
APPEALING,

VF“ Ve

RI A 24

100k ¢ gt ye
8 4 i 4 7 20
: 2 | 7400 DOWN D D
R2 ol P ulc
IK 555 - 7409193
B2 g
2

b I

.|H,._)I
w
W
T
n
l'r
=

INCREASE Rl TO SLOW FLASH RATE.
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BCD-TO-7 SEGMENT

VeelSv) o § a«a b ¢ d e
DECODER /DRIVER of 15| 1] 13| iz| un] w0 9]
THYT /7 74LSH7 _]
CONVERTS BCD DATA INTO r
FORMAT SUITABLE FOR PRODUCING . 4
DECIMAL DIGITS ON COMMON l_l,
ANODE  LED  7-SEGMENT  DISPLAY. 2] 31 4] 51 e 7 SJ_
WHEN  LAMP TEST INPUT IS LOwW, ALL B C b A =
OuTPUTS ARE LOwW (ON). WHEN BI /R8O
(BLANKING INPUT) IS ' Low, ALL — RB)
OUTPUTS  ARE  HIGH (OFF).  WHEN — Bl /RBO
DCBA INPUT IS LLLe  (becimMAL ©O) — LAMP TEST
AND  RB1  (RIPPLE BLANKING INPUT) IS
Low, ALL OULTPUTS ARE  HIGH (OFF).
THIS PERM\TS DUNWANTED LEADING O's DISPLAY FLASHER
IN A ROwW OF DIGITS TO BE
BLANKED. 1K
NN THIS SIMPLE
CilrculIT  wiLl
MANUALLY SWITCHED DISPLAY + FLASH  DISPLAY
Vee L TWICE PER SECOMD.
e |
) 6 3 > | > To PIN 4,
d o 2| 7447/ TO DISPLAY e 7447 [24Ls 4T,
B Bt [T LSHQ (see BELOW) 100,FX] 7
A e d \ 74Ls32 f.t_lM
H|STEADY
1 T - 3 L IFLASHES
0-9 SECOND /7MINUTE TIMER
Vcc Vcc
Vee Vcc 13 R3
RI | A 37V VST
M < 7447/ RY ,
S 4Ls97'T A5 b
i__'i D |1t e]o RS -
7490/ LIV, N I
4 8 \031 74LS90 Rl .
7 cls 2le 10 AAA d R4
3 R7
R2 555 T, e 2 &
1K E B9 I1g R8 e
3 15 AAA £ d
2] 6| b Rq
+ ¢ 7 A2 TiA 19 9
1= 100uF ComMON
I _J_L_ Jror W 1% ri-pq=330n ANODE LED
- 2 3 . o DISPLAY
CLOSE SI TO START TIMING  CYCLE. CALIBRATE 555 FOR | PULSE (COUNT) PER
SECOND OR | CounT  PER MINUTE 8 ADJIUSTING R1.
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BCD-TO-T7-SEGMENT
DECODER/DR'VER ey IS} | 13f 2| nuj 10 9
7448

- -
CONVERTS BCD DATA INTO
FORMAT SUITABLE FOR PRODUCING
DECIMAL DIGITS ON COMMON
CATHODE LED 7-SEGMENT DISPLAY.
] 2] 3| 4] s8] 6] 7 a‘L
DISPLAY DIMMER Bt BB
+
Vee l L RB\ *
) M M 74LS132 ‘— Bl /RBO
E CF—{J_G 3 s TO PIN 4 DISPLAY — LAMP TEST a
+ = 7448 R NORMAL
1L, _AMNA LI OIm *SEE 7447 FOR
a2 1K EXPLANATION S.

0-99 TWO DIGIT COUNTER

LOWEST ORDER D) SPLAY HIGHREST ORDER DISPLAY
Ve AT bileldle"©t38 a b ¢ d e f g Vee
AT PO S S S S S S A A 1k A A A 4 e A
R2Z R9 33012
*,_/\AM MA__4
R RipD
L AAM__ MA__4
RY Rit
RS rR\2
L AMA_ ANA__4
: e
R7 R4 COMMON
L AMA__J r CATRODE
LED
13 12 n 10 9 15 Ik} 13 12 n 10 9 1S 14 _/ DISPLAY
4 lo
7448 74948
8 8 a
A B & D A 8 C D
7 i 2 & 7 ] 2 2 ’r“ l b
- — 9
1”2 A 8 n 12 § 8 T e | ¢
i{ A B 3 D Vee| LI A 8 c D Vee =¥
d
! || | 41 7490 / 74LS90 5 J 14 7490 / 74LS90 ) T 71
IN
zrq "l 7] 1o 2! 3 6 71 10 =

m—

1!



DUAL ONE-SHOT
THLSI23

INDEPENDENT
MULTIVIBRATORS .
BOoTH ARE RETRIGGERABLE.
PInNS DES\GNATED R AND R/C
ARE FOR EXTERNAL TIMING
RESISTOR AND CAPACITOR.
SEE RADIO SHACK DATA BOOK FOR
INFORMATION ABoOuT R AND C.

TWO FuLLY
MONOSTABLE

BASIC ONE-SHOT

Vec(#5v) 2IN 21V
Rlc € 1@ 16 2R A B8
| 1s] ] 13 2] ul 10 9§
al g
W 3
ar—
CLR '—Q
il 2] 3] 4] S| e] 'TQJ_
1IN 1IN 1CR 1@ 2@ C Rjc =

A B

MISSING PULSE DETECTOR

Vee TWO WANYS TO Vee Q OUTPUT STAYS
A TRIGGER: A HIGH SO LONG AS
o b INCOMING PULSES
I. KEEP INPUTS 2 ARRIVE BEFORE ONE-
R % QU3 ., A AnND B LOw; Q35 SHoT TIMING PERIOD
THEN MAKE B 3 RUNS  OUT.
1S HiGH.
c _I+ THLSI123 2. KEEP INPUTS R THLSI123 ADJUST R AND C
T A AND B HIGH, TO GIVE TIMING
) THEN MAKE A 15 PERIOD ABOUT Y3
Low. C + LONGER THAN THE
INAg ! ar INTERVAL BETWEEN
IN Bo 2] TO CLEAR: L -t INCOMING  PULSES.
afd, JC
CLR o 2] MAKE PIN 3 LOW, INg— ! OPERATION:
THIS ALSO IN-—
J—S HIBITS TRIGGERING. f IN =
' i T
TONE STEPPER
Vee Vee
RI E A N
100K L lo THIS CIRCUIT STEPS
(3 R3 ACROSS A RANGE
3 100K RY OF TONES WREN Rl
4 8 §220 AND /OR R3 ARE
7 3 ! [1S ADILSTED. VERY
25 UNUSUAL SOUND
R2 SN 74LSI123 c2 EFFECTS.
1K 14 .OluF
CHANGE Ci AND C2
(AR 13 FOR OTHER TONE
8 SL RANGES. ALSO, TRY
c\ tL 8 3 PKR PHOTORESISTORS FOR

RY

AND R3.

()

()

()
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DUAL D FLIP-FLOP

THTYH /749LS74

Two D (DATA) FLIP-FLOPS IN A

SINGLE PACKAGE. DATA Ar D

INPUT IS STORED AND MADE

AVALILABLE AT Q OUTPUT WHEN

CLock  PuLse (¢) GOEs HIGH.

HERE'S THE TRUTH TABLE:

PRESET CLEAR ctock D | Q Q
L H X X H L
Y L X X L H
Rn H L H H L
R H A L L H

2-BIT STORAGE REGISTER

Ve
DATA OULT
14
7 Qs Q
| Yo Y2
= Z 17414 74524 12 7474 /724¢s5 74
ale [] A
y 3 i 131 1y )o
i & 6 & &

D =< DATA

WAVE SHAPER

Vee

b

2] 5 | l
L T o—=<|t 7 AN
IN ouT
7474 [749Ls 74
¢ o2|e ale

L

IN —> D CLR ¢ PRESET

J1IIL 20 QS

Vee (#5V) PRE- i
t CGR D @ SBT o Q@

4] 13} 1z} 0] o] 9} 8
s

e

L

2y 3] 4| 5] e} 7

CLR D 9 PRE-Q Q =
SET

P 1S CcLOCK INPUT

$ 1S RISING EDGE OF CLOCK
PULSE.

PHASE DETECTOR
Vee Vee

14

2 V7 270
7‘174/7%574
il i 1 ) SR P ale

A
THE LED Glows WHEN JNPUT
FREQUENCIES FI AND FZ ARE
UNEQUAL  OR ouT OF PHASE..
Fi AND F2 SHROULD BE

SQUARE WAVES.

DIVIDE-BY-TWO COUNTER

Vee
I
p 2o ol 92
2
7474 [74LS7H
21D Qle
17

75



DUAL J-K FLIP-FLOP
7473 /74LS 73

TwO 3K FLIP-FLOPS IN A
SINGLE PACKAGE. NOTE THE
CLEAR INPUTS . THESE FLIP-
FLops wiLl TOGGLE (SwWITCH
OUTPUT STATES) IN RESPONSE
TO INCOMING CLOCK PULSES
WHEN BOTH I ANK T INPUTS
ARE  HIGH. HERE'S THE TRUTH
TABLE :

CLEAR Clock T K | @ Q@
L X X X L H
R L H L H
H JL A LI _H
H 5} B R TOGGLE

DIVIDE-BY-TWO
Vee A
7{ly A Qld
7473/74LS73
10l K
a|e
@
. 5 It
DIVIDE-BY-THREE
Vee A B
A
Li
3l V2 Qiel 7171 Y Q 5
7473 /74L513 Vee| 7473/79L573
41y Ql3 tn_o_ K QL8
@ " @
Lol = BT

76

J @ a6 K Q@
M) 3] 12} w] o] 9] 8

I

! 2
] ks

! 2] 3§ HJ' 5] 6| 7
P CLR K @ crR T
Vee (#5V)

@ IS CLOCK INPUT.

BINARY COUNTERS

THE THREE CIRCUITS ON THIS PAGE
ARE BINARY COUNTERS THAT CounT
UP TO THE MAXIMUM COUNT
AND AUTOMATICALLY RECYCLE.
CONNECT A DECOOER TO OUTPUT
OF DIVIDE —~BY— THREE AND DOiviDE-
BY - FOUR COUNTERS. TO OBTAIN
ONE — OF - THREE& AND ONE — OF-FOUR
OPERATION. THIS TRUTH TABLE
SUMMARIZES OPERATION OF THESE
COUNTERS:

DIVIDE~BY: TWO | THREE | FOUR
OUTPUTS: A &8 A BN
L .1 )
H AN L H
H S - SR
H H
DIVIDE-BY-FOUR
Vee A B
A A
4
iy Vo Q|2 o B Q 9
7473 /74L573 7473/749L573
3lk 10|
Q3 ale
@ ¢
R 5] I

()

A

{)
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DUAL J-K FLIP-FLOP

K @ B 6MD K Q@ Q& T
7476 7/ 74LS 76 o] 5] a4l 3] az] n] o] 9
Two 3IK FLIP-FLOPS IN A | II:]
SINGLE PACKAGE. SIMILAR l 2
TO 7473 /74LS?3  BUT HAS
BOTH  PRESET AND  CLEAR _J el
INPUTS. FLIP-FLOPS  wiLlL
Toe6LE (SwiITcH QUTPUT
STATES) IN RESPONSE TO vfo2l s 4] sy el 7] 8l
INCOMING CLOCK PULSES WHEN ® PRE CLR T ¢ PRE CLR
BOoTH T AND K INPUTS ARE Vec (*5V)
HIGH. HERE'S THE TRUTH TABLE:
PRE = PRESET
| CLR = CLEAR
PRE CLR CLK J K Q Q ¢ = cLock (oR cLK)
(N R X * hS R L
B L X X X L R TOGGLE = FLIP-FLOP SWITCHES
H H N H L H L OUTPUT STATES N
H R o L H 5 T RESPONSE TO CLOCK
H H s H H ITOGGLE PULSES.
Y-BIT SERIAL SHIFT REGISTER
PARALLEL OUT (ABCD)
VCC P\ VC& 6 V(( C V(( D
A
2| s T] T 7] 8] I 2] sis] ,I 7 3
DATA i el alls_§ 9 ix alll | 9l alls | T olH
1 Vee Ve e \/Z \/Z
Yo 2404 ' 7476 /74L5% 1476[ 74LS 70 7476/74L576 7976/74¢s  SERIAL
= ING 1™ - ouT
1 b K A L4 12| K Q (o o K QY 1TiK Qlio o
6 o) @ e S | ’
3L A T 3L 2
r—l a » -
¢
H-RBIT BINARY UP COUNTER
(44
(A 53 7 8 20 52 7] =}
H4iT Q 1S qr:r Q i 4 3 Q s 91T Ql!
Y Va Ve \n
lefk 74970/ 2k 747/ lolk 7470/ Ik 7476
74LS 76 74LS 76 74576 24LS 76
JL o le Q4 ele q e i Q4 le Q |io
u Is I-
T = Y Y 2 Y \ 4
DCBA BINARY OuT > A (2°) B (') (g o (2%)

A



QUAD LATCH 1 2@ 26 ,'-Ez GND 3Q 3Q 4Q
TY97S5 /7749LS78S le] 18] 4] 13] sz} n| 0] ¢
A 4-BIT BISTABLE LATCH. EQ 1 [ Ja & [.Q3 QJ
PRIMARILY USED TO STORE 3 £ £ @ 3
TRE COUNT IN DECIMAL g o o 2 3 =
COUNTING LNITS. NOTE THAT [*) D
BOTH @G AND & OUTPUTS +-
ARE PROVIDED, ALSO NOTE
THE E (ENABLE) INPLTS. WHEN 1]2] 3T 4] 54 6] 7] 8]
E 1S HIGH, Q@ Fouows D. 1§ 1D 2D E V¢ 3D 4D 40
34 (+sv)
H-BIT DATA LATCH DATA BUS Vec _o LATCH
INPUT
A A A A STH 13 (ENABLE)
DATA ON BUS APPEARS AT 2 L
OUTPUTS WHEN LATCR INPUT 747S
IS  RIGH. DATA ON BUS 3] 74usIs IS DATA
WHEN LATCH INPUT GOEs Low ouT
IS STORED  UNTIL LATCH INPUT & g
GOES HIGH. (LATCH INPUT CONTROLS
BOTH ENARBLE INPUTs) TWO QUAD 7 _9_>
LATCHES CAN BE USED AS AN
8-8IT DATA LATCH. 200 B A | _J_f
DECIMAL COUNTING UNIT
TO LATCH
Vee NEXT Vee Vee
T STAGE ’I‘ t Vee
5 5 b RI
7490/ 41 7415/ 7447/ B35 Q@
74LS$90 13] 741575 74LsY47 R2
U] PR N2 AN -l
his o i 2 g °ip R3 aQ
e A L
. p] b
2 cl8s 3 1S (Al 10 AAA d 9
Rs
! M, e - ¢
B |9 b 10 llp Rl
o UL AL L L I d
RY
7 Az 7 9 7 A 19  AAA 3
: COMMON
o i _le _LB RI-R7=270 ANODE LED
4 4 =5 1 DISPLAY
EXPANDABLE DECAOE COUNTER. FOR TwO DIGIT COUNT, CONNECT PIN I
OF 7490 [/14LS90 OF FIRST OLMNIT  TO INPUT OF SECOND UMNIT, A Llow
AT THE LATCRK INPUT FREEZES THE DATA BEIN G DISPLAYED.
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QUAD D FLIP-FLOP
74LS175

HANDY PACKAGE OF FOUR D-TYPE
FLIP-FLOPS. DATA AT D-INPUTS

Is LOADED WHEN CLOcKkK GOES
RIGH. MAKING CLEAR INPUT
Low MAKES ALL Q oOuTpPUTS Low
AND @ OVLTPUTS RIGH.

DATA ®BUS v
€g CLEAR (CLR)
S T T ST S EED
i3ip D lis
3 14 cll©o ., DATA
ouT
518 Bil o
1A AlZ
Y v Y #V 1\LL°LOAD
.l ¢ . K. A = 24usnys

Vee (+5V)
4Q 4@ 40 3D 38 3@ P
oy is] 1] 3] 12] u| o] 9}
Y 3
| 2

1 zf 3] 4 5| o] 7] 8
CLR I1Q & b 2D 2@ 2@ =

4-BIT DATA REGISTER

DATA ON BUS 1S LOADED INTO
THESTRS WHEN LOAD INPUT
GOES RIGH. DATA 1S THEN

STORED A ND MADE AVAILABLE
AT OuTPLTS UNTIL NEW LOAD
puLse ARRIVES.

MODULO-8 COUNTER

A 3
JU'l_o_"_¢lLﬂo’=LSD Q7T"’-D Q|0]I3D (;,‘IS_JA

e Yq
74LS)75 74LS(15
H D

ol

=  CounTsS LLLL To HLLL (O-7) AND RECYCLES.

\/"I \/L‘
TRLES] s 7HLS 175
opd

SERIAL IN/OUT, PARALLEL OUT SHIFT REGISTER

Vee A B c D
AL_] A
SERIAL o SN I { j
DATA o—1]D Qlz L S1p AIEZES 1 112D Qo | 13/p alis
IN
7 Yy Y4 Y SERIAL
74Ls115 74LS175 74LS1715 74LS175 DATA
cLock o 9o ouT
18

79



OCTAL D-TYPE LATCH Vec (+5V) ENABLE
8@ 80 0 7@ Q@ LD 50 5@ 6
74LS373 2]

| 18] ] 1e] as] 4] 3| az] uj

EIGHT “TRANSPARENT D-TYPE
LATCHES. OuTPUT FoLtLow s
INPUT WHEN ENABLE IS
HIGH. THE DATA AT TRHE | 2 3 Y
INPUTS IS LOADED WHEN
THRE ENABLE INPUT IS (LOw.
THIS CHIP  HAS 3-STATE ] 2] 3] &} 5| 6] 74 8] 9 @L
OULTPUTS WAHICH ARE CON- IQ 1D 2D 2Q 3Q 3D 4D Ha <=
TROLLED BY PIN |. SEE QUTPUT

TRUTR TABLE BELOW, CONTROL

blgi el bl e Bl & 3-STATE REGISTER

S T T I R
af | s iz} 9 ] S| 2 OuTPUT THIS 1S A GENERAL PURPOSE
20l8q 1@ & 50 46 3@ z2a (all s conTROL 8-BIT STORAGE REGISTER.
10

749Ls373 HERE'S THE TRUTH TABLE:®
11l ENABLE
7D D 5D 4D 3D 2D |D ouTPuF

'3 '7r 'ﬂ '3I , 7] "] 3] ConTROL ENABLE D | Q
L R H H

Cc B A L H L (&

L L X Q

H X X (wm-2

DATA BUS REGISTERS H G F_E D C B A

VCC
H: PLACES OULTPUTS IN HI-Z MODE } ‘qt “‘T 'ST 'ZT ﬁ “’T ST ZT i
L: MAKES DATA AVAILABLE ! =
REG. 2 (74L5323)
H: OUTPUTS FOLLOW DATA ON BuS \ o W] |10
L: LOAD DATA FRoM BUS l
] | al 3l & 71 4| 2
o TR
B >
- o |
D < -
E - .
- ] Iy
G . -~
H e —
Vee
/ 9] te] 1s) 12] 9f ef S| 2 {H: DISCONNECTS REG.! FROM BULS,
20 _I_o L: CONVECTS REG.! TO BuUS,
REG. | (74LS5373)
10 " o {HI OUTPUTS Fouwow INPUTS.
L: JNPUT DATA (ON 5us) LOADED.
s AR Wl B A et o1 15
I =i ( AT ANY INSTANT ONLY ONE 745373

R G F el BlCILR L A CAN  WRITE DATA ON THE BULS. ANY
NUMBER CAN READ OATA FRoM BUS.
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OCTAL D FLIP-FLOP Vee (+5V) ENABLE
8Q 8D 1D 7Q@ Q& &D 5p 54 G
THLS3 74 20? 19] 18] 7] o] us] 4] 13| 42| 0]
-
-
EIGHT D-TYPE EDGE TRIGGERED e A & -
FLIP- FLOPS. UNLIKE 74L5373,
OuTPUTS DO NOT Foulow
INPUTS. INSTEAD, A RISING I 4 2 3 H
CLOCK PuLse AT PIN Il LOADS
DATA APPEARING AT INPUTS. i
THIS CHIP HAS 3-STATE t] 2] 3] 4] 5] ¢ 7] 8] 9] 10
OUTPUTS  WHICH ARE CONTROULLED [__J I ID 1D 2@ 3Q 3D 4D 4 =
BY PIN 1.
OuUTPLT
CONTROL
CLOCKED
Sl e 3-STATE REGISTER
{ el S e e et
19 '“I 1Is| =) 9] ¢ S| 2 ouT PUT GENERAL PURPOSE
20] 8@ 7@ Q& SQ 4@ 3@ 20 1@ ! ,conTROL CLOCKED REGISTER.
T4LS 37Y MERE'S THE TRUTH TABLE:
10 (1o CLock
8D B D Sp 4p 3D 2D ID OUT PUT
i IB] 7] iy 13] a] 7} 4 3, CONTROL cLock D Q
- k . * i H H
— H &6 F E _D C B A T Al L L
L H X Q
H X X HI-z
COMMON INPUT/0OUTPUT BUS REGISTER
-— BIDIRECTIONAL DATA BUS —>
A D %= o
B < >
c < —
D -~ —>
E < -~
F— i — >
G - —>
H SRS o
I lo| 15] 12 q b 5 2| 18] 17| ™ 13 8 7 4 3 Vee
8@ 7@ Q@ 5@ 4@ 3@ 2@ 1@ 8D W D SD 4D 3p 2D D [%© )
1
10
| = |
THIS CIRCUIT GIVES 74LS5374 COMMON INPUT AND
CLOCK QuT?LT OUTPUT LINVES. WHEN QUTPUT CONTROL Is H\GH,
- CONTROL DATA ON BULS IS LOADED INTO THE 74LS 374
. on THE RISInNG EDGE () OF THE CLOCK PULSE.
WHEN  OLTPUT ConTRoOL 1S Low, DATA IN THE
7405374 IS WRITTEN ONTD THE RBUS.
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8-BIT SHIFT REGISTER
THLS 164

DATA AT TwO SERIAL

INPUTS IS

ONE OF THE
ADVANCED ONE BIT FOR
EACH CLOCK PULSE. DATA CAN BE
EXTRACTED FROM THRE 8 PARALLEL
OUTPUTS OR N SERIAL FORM AT
ANY SINGLE OUTPUT. ENTER DATA
AT EITHER INPUT. THE UNUSED
INPUT MUST BE HELD RHIGH OR
CLOCKING witl BE INHIBITED.
PinN 9 LOW CLEARS THE REGISTER
TO LeLe.

MAKING

Vec (45V)

R4 & F
I‘IT 3] a2] ul 0] 9] 8]

OUTPUT s:
r A‘B'C'D'E‘F‘G'H
A

IN CLR=CLEAR
@ = CLoCK

i B

8-BIT SERIAL-TO-PARALLEL DATA CONVERTER

USE FOR
RECEIVING

PARALLEL
Vee B e S F S E e

DATA OuLT

B\
BINARY DATA A
SENT OVER
ONE CHANNEL. 2f 3| 1 19 -siof =!I5§- Tz g TN § SISl S
5 20 I
CLoCK o o M1~ 749p /74L590 74LS 374
8 ) i 10
{ 12 6 71 1o 8] 17} M| 13| 8| 7 4 3
[ 3 12 1 10 b 5 4y 3
E— ',_{
THE 7490 DWVIDES THE cLOCK 2 74LS16Y4 7
PULSES BY 8 AND LOADS 2
DATA IN 74LSILY INTO THE M
74LS374 AT 8-BIT INTERVALS. 8 LSER\AL DATA IN &
(AT clLoCK RATE).
ouT
2R R R R R R R R IRE
_/\/VL1 |
= 3
TYPICAL 2R ;zg ;22 2Rl S 4 12 13
R=IK—IOK & 3
Y " 12 13 Vee 1o i
CLOCK -8 74LS 164 2 b a] [0
OUTPUT IS PSEUDO—RANOOM STEPPED VOLTAGE. CHRAN GE (i HY' S A2
7] PATTERN BY MoOVING PIN 2 OF 74900 To PINS 3.4, 5 6, |93

7,8,9 10 OR 1\ OF 74LS1L4.

\T/J_-
8 =
|[ |

1,2,3,4 = 7400/74L500

_—
-
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Y-BIT SHIFT REGISTER
74HLS 194

BIDIRECTIONAL UN\VERSAL SHIFT
REGISTER. SHIFTS RIGHT WHEN SO

1S HIGH AND SI IS LOwW. SHIFTS
LEFT WHERN SO 1S Low AND SI
1S RIGH. SHIFTS ONE POSITION
PER CLoOcCKk PULSE. LoADS DATA AT
INPUTS WHEN SO AND S) ARE
HIGH. IMPORTANT: BYPASS POWER
SUPPLY PINS  WITR O.l mF CAPACITOR!

SEQUENCE GENERATOR

FuLLY
CLOCK g . PROGRAMMABLE
Vee
S9 I z A#
1 12 Ll 1
E 74L5194 ) WEIK:
8 4
S - TR
L o3 |A AlIS™ :q AAA _
S2 R
L oo—B BN 4
3 ~ R3
WIS [ (. SO MV
sS4 RY
$oo—2|D D '2“"J'<]._/vv\_T
5 R

. Alis X _
7 ' . ! Re
L_o/o_S_ic &,’11..}4_/\/\/\__1

S8 R7
L o—elp 3w |
k8
8 D 1w
10 ’:] _
] 7415194 RI~R8:
3300
LOAD ANY DESIRED BIT PATTERN
INTO SI~-S8 (OPEN = HIGH AND
CLoSED = Low). PRESS S9
(NORMALLY CLOSED) TO LOAD. DATA
WILL MOVE RIGHT ONE OULTPUT PER
CLock PULSE. LEDs ARE OPTIONAL.

Vee (#5Vv) — DATA OuTH
A B CcC D @ sl so
tof 1Sl 14] 13] 42| n| 10 9]

SERIAL INPUTS:
SHIFT LEFT;

r SHIFT RIGHT

! 2 SHITFY 5 6 7 B_L

CLR RIGHTA B C D LEFT <
IN LDATA IN IN

BARGRAPH GENERATOR

WHEN
ENMABLE

POowEeER S FIRST APPLIED, MAKE
INPUT LOW TO START CIRCUIT.

P
ny

7405194

A

- - -~
o

74Ls1q4q | L0

CIRCUIT RUNS
WHEN ENABLE

£ L
R

IS KIGH. RALTS
AND CLEARS

|
]
‘ W
WHEN Low. It i B_’“_’q__/v\/\_J;
l .
I
I

M

RY
c i3 Q‘Iq AANA |

CLOCK R8
v o ‘1M

<
8| LasT
__[:_ OuTPUT RI-R8:
C 330 0

OUTPUTS GO LOW
ONE AT A TIME
R\GHT (A=>D) IN
CLOCK. WHEN  FINAL  OUTPUT
GOES  LOw, ALL OuTPUTS BUT
THE FIRST GO HIGH AND RECVYCLE.

85
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BCD (DECADE) COUNTER
7490 /74LS90

ONE OF THE MOST POPULAR
OECADE CODNTERS. EASILY USED
FOR D\wWIDE -~ BY - N COUNTERS,
LESS EXPEN SIVE TRAN MORE
SOPHISTI CATED COUNTERS. RST
INDICATES RESET PINS. THIS

CHIP IS USVALLY USED N
DECIMAL COUNTING DUNITS | 8BvuT
CIRCUITS ON THIS PAGE SHow
MANY OTHER POSSIBILITIES.

DIVIDE-BY-5 COUNTER

Vee

)

ufz

_n_ﬂ..o_'_i. 7490 /74LS90
IN

213 b 7 10

~

DIVIDE-BY-&6 COUNTER

Vee
2 o 5
3
J_Lﬂ_o_ﬁ 7490 /7491590 ‘—3
IN 9
o S WD
L

DIVIDE-BY-7 COUNTER

Vee

o[ 9] 5?7] 8]
HH o] 7490 /74,590 L, L;i
IN
' :z| 2] 3@
—4_

—

84

INA QA QD GND QB QC
] 3] 2] n] 0] 9] 8
J" =
o2 3] H] sy e 7
INB RST RST Vc¢(+sv) RST RST

DIVIDE-BY-8 COUNTER

s, 1n

ﬂ_ﬂ_o_u 7490 / 74LS90

|| IZI e 7o
. e

DIVIDE-BY-9 COUNTER

Vee
1 2 12 5
3
JTUL ol 7990/74L590 % N
S D |
d

DIVIDE-BY-10 COUNTER

] [_H—] ST

i 7490 /74Ls90

2|3] <] 7] 1o
o

-

z
{

12 AN
'O

IN

y
-
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DIVIDE-BY-12 BINARY COUNTER

7492 /74LS92

OFTEN USED TO DivIiDE CONDITIONED
60 HZ PULSES FRom AC POweR
LINE INTO 10 HZ PULSES., OTHER
DIVIDER APPLICATIONS ALSO. RST
INDICATES RESET PINS.

DIVIDE-BY-7 COUNTER

Vee
i )
G
_J—U—Lo_ﬁ 7492/ 749LS92 L
IN - 4
8 ] 10

DIVIDE-BY-9 COUNTER

INA QA QB GND QC QO
| 3] 2] nf 0] 9] 8
X 5
B «]—5{, ] 7
IN B Vec (#45V) RST

DIVIDE-BY-12 COUNTER

[ ]

VC(

s ~

7492 /74Ls92 (B o i

o]

z

10-HZ PULSE SOURCE

Vee

o

7492 /79592 |B s

o]

VCC
3
-
J;l;ﬂ_o_' 7492 / 74LS92 }% __ﬂ“_’f;l_{;];()J_1
N
21 8] lj_ el =
DIVIDE-BY-120 COUNTER
Vee Yee
n [ ] ST | [T sT
IN
TN ol 7990/79es90 [ 19F 4] 74992 /741592 *8"’71?%
IN
2[3] of 7] 10} 6| 7 o]

10 Hz
oUT

TRIS METHOD OF
CASCADING LOUNTERS
CAN BE USEO TO

CREATE ANY

Dwipe -~ BY- N

COUNTER.
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H4-BIT (BINARY) COUNTER

7493 /74HLSS93

EASY TO USE 4-BIT BINARY
COUNTER. LESS EXPENSIVE
TRHRAN MORE SOPHISTICATED
COUNTERS, RST INDICATES
RESET PINS. NOTE UNUSUAL
LOCATION OF POwWER SUPPLY
PINS.

DIVIDE-BY-10 COUNTER

VC:
o[ sl
3
Jlﬂ_o_u 7493/ 79LS93 N
IN It 10

DIVIDE-BY-11 COUNTER

INA QA QD GND QB QC
i) i3] 1] uw] o 9] 8
r—i

Py 2f 3] 41 sy e 7]
INB RST RST Ve (+Sv)
DIVIDE-BY-12 COUNTER
Vec

(8] sl
2z
_mo_'_‘i 7493 /741593 3_, IN
I

IN 17
'll 12' |j_—

DIVIDE-BY-16 COUNTER

Vcc VCC
3 5 st " 1 12 5
1 17410Q
g
JUL o—21 7493 /741593 = mo% 7493 [ 74L593 1) gy
IN ¥ fyeTy IN o
T
z| lI 17_] li[ 2] 3 0]
= —‘_t.—
] H-BIT BINARY COUNTER
p e
CounTs FROM TRUTH TARBRLE
Sp At RI O-IS IN BINARY
D[ AND  RECYCLES. DcrA DCcBA
_MLO_L oy % R2 GLOWING LED ™ L

IN S P (0); OFF LED=H LLLt ALLL
3 7 R3 49 4p Sl _TIER L LLH HLLH
2 & 51_|Q__/\/\/\_4 IC MAKES GOOD LLHL HLHAL
~ % RY INPUT  CLOCK, L LHH HLHKRH
SIT 1 A Lm__/vv\_J LHALL HRALL
LI,J % LHRLH HHLA
g aly RI-RY =270 N1, LHAL J HHHL
s : LHHRRH HHHH
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H4-BIT UP COUNTER
74LS1 61

BiNARY COUNTER
INPUT S.
DATR AT

GENERAL PURPOSE
WITH PROGRAMMABLE
COUNTER  ACCEPTS
WHEN LOAD INPUT GIOES
A tow AT THE CLEAR INPUT
RESETS TRE COUNTER TO Leee
LPON THE NEXT CLoCk PULSE.
P AND T ARE CounT ENABLE
INPUTS. BoTH P AND T MUST BE
HIGH TO COuMNT. THESE ENABLE
INPUTS ARE NOT

INPLTS
LOW.

AVAILABLE WITH

CARRY
Vec(#5v)OuT A B C D T LOAD
1oh 15| 4] 93] az2) n] o] 94

DATA OUTPUT

v] 2] 3] 4 5] &) 7 ?L
CLR $ A B €¢ D P =

DATA INPUT

THE OTHERWISE MORE ADVANCED 74LS193.

8-BIT COUNTER

CLOCK O

2
Vez 14
N - A
1] 749051061
g3 . B
1o
12 c
q
)
LNy
-
‘éiL

RUN d? ' 'S
CLEAR

1 s

= 9 E

o] 741816]|

WA

'ﬂ =

TO ADDITIONAL
COUNTER (S)

ouUTPUT A IS LOWEST ORDER

8IT.

RAMP SYNTHESIZER

2R A OuT
! D IU__AAA
71 74LS 16! R
ZR
q C 12 _;L‘C\
[~ -l uF
L,'QJ R
ZR
g I3
CLock o R
ZR
A4
8 1R
3 R=]K
3 VOLTS Jrrrl"—rf
—
REMOVE CI TO OBTAIN THIS STAIRCASE.
FREQUENCY OF RAMP AND STAIRCASE
15 '/l CclLock FREQUENCY.
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BCD UP-DOWN COUNTER
74192/ 74LS 192

Fucry PROGRAMMABLE BCD COUNTER.
OPERATION 1S IDENTICAL ToO 74193 /
74LS193 EXCEPT counT IS 10-STEP
BCD (LLLL-—HLLH) INSTEAD OF

- STEP BINARY. MANY A PPLICATIONS
For w:qz/ 24es 192 ApnD 7q193/ 79LS193
ARE. INTERCHANGEABLE.

CASCADED COUNTERS

Vcc Vtc
7fefzfsf A 71611?;4
Y 5
lo| 7419205192 [2 el 7419zus192 [
9 ]loll [:sr 9 ]/o] I [ls
715 Tzhf 7J6f2T3j
4 2 S 13
174192 /L5192 8.4 E 74192 /Lsi19z (8,14
_n_of_]qpo['lns] qﬂé_}‘?]wl]ls

up (0-99) DowN (99-0)

IN CLEAR CARRY IN IN

Vee(+sV) A BoRROW | L@AD C D
1od 1s| e} 13 12] u| 10 9

t] 2] 3] 4] s| ¢] 7

IN B A dPownw P C D
B ourT our our OouT

i

SINGLE UP-DOWN INPUT

l;/‘:’oo : up
(to Pn S)

CLock &

Low = up
HIGH = DOWN

PROGRAMMABLE COUNT DOWN TIMER

R3 Ve
Vee ' R4-RID = 3300
R1 1‘ 1% jlb RY
I M upP 13 Qa
- 8 D2 L|D RS
L DOWN 12 AMAL b
Cle z]c RG
R2 555 BDRROW AN, ©
1K B |2 18 R7
D 10 _AA, 4
2 bl AlLS 74 A RS
COunTSs Down S3 | o p—2]C V.V poals
ol I FROM N TO L ss | 744 52
A= 100mF | LLLL AND 2 Lob B o L 74Ls47 (1S AAA,
RALTS. =3 }- R1O
S ¢ g AR £ I Ll V,V 9
CALIBRATE Rl AND CI
TO PROVIDE  DESIRED 8] '] _ 8] Te S
NUMBER OF CLOCK PULSES A common
PER MINUTE. SET DESIRED N INTO l-s4 (cLOSED =1 _labidbe
SWITCH = LOw AND  OPEN SWITCH = HIGH). PREss S5 TO LED
LOAD N AND  START (OR RESET) CounT. LED GLOWS AT HALT. DISPLAY.
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H-BIT UP-DOWN COUNTER
74193 /7HLS 193

VERSATILE 4-8BIT COUNTER
wiITH UP- DOwN CAPABILITY. ANY
H-BIT NUMBER AT THE DCBA
INPUT S s LOADED INTO THE
CoOUNTER WHEN THE LOAD InPLT
(PtN 1) IS MADE  Low. THE
CouNTER IS CLEARED TO LLLt
WHEN THE CLEAR INPUT  (PIN  1H)
IS MADE HIGH. THE BorRow AND
CARRY OUTPUTS INDICATE UNDERFLOW
OR OVERELOW BY Goineg Low.

VERY

IN CLEAR  CARRY IN N
Yec (45V) A BORROW| toap C D
et 1s) ay) 3] 42| n| o] 91
B CounT
]_J |

il 2] 3] 4] s e 77 s
IN B A DownN P C D =2
B O0ouT ovut ouT ovuT

COUNT DOWN FROM N
AND RECYCLE

DL SNcEENg  SA 4 SET DESIRED N |nTO
Clock p—T]bownN 74193 [ 74L5193 SI-sy (CLOSED SwWITH =LOwW
AND OPEN) SuTCH = H\GH).
D ¢ &8 A WHEN  COUNT REACHES
nf 13 9 'Dl ll 'Sl LLLL  AND THEN UNDERFLOWS,
THE RORRow  PULSE  LOADS N
AND THE  COUNT RECYCLES.
S4 3 S2 S| iy

COUNT uP TO

Vec
PRESS SI  (NORMALLY TZ‘* N
CLOSED) TO RESET. 17 o515
749154 e 4
Vee 15 o!l3
) 14 12
F ———0
17 1% 1
= D7 29| p LS ] )
10 q
———-0
CLoCK i Cle 2l e 1 .8
! = 3
& 7
LN s g b —o ¢
2 1400 sd 2 b3 = ° 2
A A > 3 4
7 Yy 3
— R 4
5 Ve 7‘1l93/ e 3 o2
7445193 [ ] (W £
330 1,1 0 ¢ ISNw
S|
8l 12
GLowsS 4 e N
AT RALT - T

N AND HALT

COUNT UP TO N
AND RECYCLE

4 N

74154 Yl 14

" c|b 21

& |2 22

CLOCko—2]UP

Vee 74193/
I 4L 5193 '8
CLEAR

A3 23

T

TOo N
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BCD (DECADE) COUNTER

J4LS196

MORE  SDPRISTICATED VERSION OF
THE PopPULAR 7490 /74LS90 BCD
COUNTER. INCLUDES H4-PRESET
INPUTS WHICRH PERMIT ANY BCD
NUMBER TO BE LOADED WHEN
PN 1S MADE Low. THE COUNTER
s CLEARED To LLLL WHEN PIN I3
IS MADE LOW. P INDICATES CLOCK
INPUT.
Vee
14
e D.ﬁ}_,.
BCD 3]c Cl2 5. BcD
DATA COUNT
IN _lo/g B9 o IN
41A AlS
COUNT IN o 8] :“’]
42 gl
THLS196
St Sl
i 12
PRESS SI TO PRESS S?2
PRESET TO 7 TO CLEAR
BCD DATA QOUTPUTS
AT INPUTS. TO LLLL.

DIVIDE-BY-

S COUNTER

Vee
14
_ﬂ_ﬂ_o_i 74LS196 DfZ o IN
IN s
=
e COLN TS

AVAILABLE AT

DcBA

90

OUTPUTS.

CLenR D D B B @y
Vee (#Sv) ouT IN IN oOuT
d i3l 2zl ] 0]l 9] 8
1] 2] 2| 4] 85| e 7
LtoaD C ¢ A A g2 =

OouT IN

nWip D it

2lc o 2PN
DATA DATA
IN lolg B3 ouT

4

- ALS L)
LOAD o 17415190
:L

WHEN LOAD INPUT 1S LOw,
OUTPUTS FOLLOW  INPUT S. NO
CAANGE WHEN LOAD [NPUT
IS HIGH. NOTE THAT A PAIR
OF 74L3194'S CAN BE USED
iN A DECIMAL CounTING
UNIT (CoumTER PLUS REGISTER).

DIVIDE-BY-10 COUNTER

cc

v
el \zl HT
)
JUL o ¢
IN 7405190

L

—
o
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LINEAR

INTRODUCTION

THE OuUTPUT OF A LINEAR IC 15
PROPORTIONAL TO THE SIGNAL AT
ITS INPUT. THE CLASSIC LINEAR
IC 1S THE OPERATIONAL AMPLIFIER,

THIS GRAPH SHows THE LINEAR
INPUT — OUTPUT RELATIONSHIP OF A
TYPICAL OP-AMP  CIRCUIT:
l.|
3
QUTPUT 2
(voLts) i
(o] o e al L gt ol

02 .04 .06 .03
INPUT (VOLTS)

MANY NON-DISITAL TCs — INCLUDING
OP- AMPS — CAN BE USED 1IN BOTH
LINEAR AND NON—-LINEAR MODES.
THEY ARE SOMETIMES DESCRIBED AS
ANALOG TICs.

LINEAR TICs SENERALLY REQUIRE
MORE EXTERNAL COMPONENTS TRHAN
DIGITAL ICs. THIS INCREASES

THEIR SUSCEPTARILITY TO EXTERNAL
NOISE AND MAKES TREM A LITTLE
TRICKIER TO USE. ON THE OTHER
HAND, SOME LINEAR TICs CAN DO
ESSENTIALLY THE SAME THING AS
A  NETWORK cF DIGITAL CHIPS.

HERE'S A BRIEF DESCRIPTION OF
THE LINEAR CHIPS IN THIS SEC-
TION

VOLTAGE REGULATORS

PROVIDE. A STEADY VOLTAGE, EITHER
FIXED OR ADJUSTABLE, THAT IS UN-
AFFECTED BY CHANGES IN THE SuP-
PLY VOLTAGE AS LONG AS TRE SuP-
PLY VOLTAGE IS ABOVE THE DESIRED
OUTPUT VOLTAGE.

OPERATIONAL AMPLIFIERS

THE IDEAL
HIGH INPUT
Low OUTPULUT

AMPLIFIER ... ALMOST.
IMPEDANCE AND GAIN,
IMPEDANCE. GAIN 1S

INTEGRATED CIRCUITS

EASILY CONTROLLED WITHR A SINGLE
FEEDBACK RESISTOR. FET INPULT

oP-AMPS (BIFETS) HAVE A VERY HIGH
FREQUENCY RESPONSE. IT'S USUALLY
OK TO SUBSTITUTE OP~-AMPS IF BOTH
ARE NORMALLY POWERED BY A DuAL
PoLARITY supPlY (Y2 LF353 FoR 74iC,
ETC)... BUT PERFORMANCE wlicL IMPROVE
OR DECREASE ACCORDING TG THE NEw
OP-AMP'S SPECIFICATIONS.

COMPARATOR

AS AN OP-AMP WITHOUT A
RESISTOR. ULTRA — RIGH
A SNAP~—LIKE RESPONSE
VOLTAGE AT ONE
REFERENCE
INPUT.

SAME
FEEDBACK
GAIN GIVES
To AN INPUT
INPULT TRAT EXCEEDS A
VOLTAGE AT THE SECOND

TIMERS

USE ALONE OR WITH OTHER I(Cs FOR
NUMEROUS TIMING AND PULSE GENER-
ATIDN  APPLICATIONS.

LED CHIPS

MOST IMPORTANT ARE A FLASHER CHIP
AND A DOT-BARGRAPR ANALOG-TO-
DIGITAL DISPLAY. VERN EASY To USE.

OSCILLATORS

A VOLTAGE CONTROLLED OSCILLATOR
AND A COMBINED VOLTAGE - TO- FRE-
QUENCY AND FREQUENCY—-TO- VOLTAGE
CONVERTER. ALSD InvCLUDED 1S A
TOME DECODER THAT CAN BE SET TO
INDICATE A SPECIFICc FREQUENCY.

AUDIO AMPLIFIERS

THIS SECTIOM INCLUDES SEVERAL EASY TO
LSE POwER AMPLIFIERS THAT PARE
IDEAL  FOR DO-IT-YOURSELF STEREO,
PUBLIC ADDPRESS SYSTEMS, INTERCOMS
AND OTHER  AOLDIO APPLICATIONS.

15



VOLTAGE REGULATORS
S-VOLTS
7805 (S-VOLTS) = TR

78\2 (ll“ VOLTS) SINK IF REQUIRED
7815 (15-VOLTS)

I — INPUT
FIXED VOLTAGE REGULATORS. 2 - outPUT
IDEAL FOR STAND -~ ALONE 3 — GRoOuUND

PowER  SULPPLIES , ON —CARD
REGULATORS , AUTO MOBILE

BATTERY POWERED  PROJECTS,
ETC. UP To 1.5 AMPERES
ouTPuT IF PROPERLY HEAT
SUNK AND  SUFFICIENT |NPUT
CURRENT AVAILABRLE. THERMAL
SHUTDowN CIRCUIT TURNS OFF
REGULATOR IF HEATSINK TOO SMALL.

5-VOLT LINE POWERED TTL/LS POWER SUPPLY

S PRIMARY

CAUTION: You
eI AR InG
MUsI INSULATE

T T
SECONDARY J ".:]: "ﬂ_ *;L 7805} *

et Ted ez T cH
3 O.lluF

THESE CONNECTIONS! _1_
AC LINE RY ¢i-c3 —tooouF, 35V s
TI Bi
Tl— H7-126 V, LZA OR 3A TRANSFORMER (273-1SOS or 273-(Sll).
Bl— [A —4A FULL WAVE BRIDGE RECTIFIER (276-lltl, 276~1ISI OR 27e~1I11),
(RADIO SHACK CATALOG NUMBERS IN PARENTHESES.)
: USES [NCLUDE
VOLTAGEs o ' | 78xx  |% +5 12 IN | 78xX% |2 = STABLE
IN N . OR 1S VOLTS ! BIASING FOR
i) - Col T * 3] RI 3 LEDs, LAMPs,
. GROUND cl ETC.
> I8 33 uF
X3 OUTPUT LOAD
> —
Cin = OPTIONAL; USE 0O.33uF oR So IF ___E .
REGULATOR FAR FROM POWER SUPPLY, =
EGU R
Cour — OPTIONAL, USE OJuF OR MORE TO OUTPUT CURRENT = i it B4 /5
TRAP SPIKES THAT BOTRER Logic ICs. R\

Y
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1.2-37 VOLT REGULATOR
LM317

CAN SuPPLY wuwP TO I.5 AMPERES
OVER A (.2 ~-37 VoLT oOUuTPUT
RANGE. NOTE  MINIMUM NUMBER
OF EXTERNAL COMPONENTS IN
BASIC REGULATOR CIRCUIT BELOW.
LUSE HEeAT SINK  FOR APPLICATIONS
REQUIRING FuLL POWER OUTPUT.
SEE APPROPRIATE DATA RBOOK FOR
ADDITIONAL 'WNFORMATION:

ol V|~

ol ADIUST

|

BOTTOM CASE = Voot
VIEW
(ro-3 cAsE)

1.25-25 YOLT REGULATOR &-VOLT NICAD CHARGER

DI ¥
1.1
VT s e 1
{ t
‘ l
|
. —al oL B Vpu
(= 28v) R LESi— (+12-20v)
4 25 v
+ i y
el T R\ ? o
.?

n
w
N

:]f——‘p-— -

1H+
n
w

*
T ]
N

Vin SHOULD RE FILTERED. Ok TO OMIT
Cl IF Vo VERY CLOSE TO (mM3I7.
RI CoONTROLS OQUTPUT VOLTAGE.

ADD IF OLTPUT >25 V AND CZ >25uk

2

o—51 LM31T ___N\/\__*_‘]i

R\

ZZ
CASE

B}

23

=

Bl 15 BATTERY OF 4 NICKEL
CADMIUM STORAGE CELLS IN
THIS  CIRCUIT CHARGES
Bl AT A CURRENT OF S5S1.2Z wA.
INCREASE RI TO REDUCE CURRENT,
FOR EXAMPLE, CURRENT IS 43 wA

SERIES.

WHEN RI

IS 24 OHMS,

PROGRAMMABLE POWER SUPPLY

! i y) e—» TO ADDITIONAL STAGES
Vin o] LM3n g
220 YK R R R R DCBA INPUTS: CONNECT
(Zzsv) et ] TO PN 7 TO SELECT.
CASE . Ql Q2 Q3 Q4
~a R VOuT'
QI-Q4 = 1
RS2009 Y 100 |.8
VouT - 2 b - 330 | 2.0
33K 33K 33K 33K 470 S (o)
LIMITS MAXIMUNM Vour 1K 7.3
TO~ 2TV  WHE INPUT o} @ B A 22K 135S
Is 28 V. 3.3K |18.0
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2-37 VOLT REGULATOR

723 Ne r’_" NC
CURRENT LIMIT 2 '3 FREQ.

VERY VERSATILE SERIES Comp.

REGULATOR. LP To 40 VOLTS CURRENT SENSE 3| 12V +

INPUT AND 2-37 VOLT OUTPUT.

MAX|IMUM OUTPUT CURRENT OF ~ INPLT 4 Ve

ISO mA CAN BE EXTENDOED To

IOA BY ADDING EXTERNAL + INnPUT % 'O \our

POWER TRANSISTORS. SHOWN

BELOW ARE Two BASIC Vrer g‘ 11 Ve

CIRCULITS. TRY THESE, THEN

SEE  APPROPRIATE DATA BOOK V- 2 8 N

FOR ADDITIONAL CIRCUITS.

2-7 VOLT REGULATOR 7-37 VOLT REGULATOR

\/uu O— 4 10 J\/\/\_‘ VouT Vin ; - VouT
Rsc P (VW=V°.,T+S> Rsc
(+ lOV) 12 2 22 L 12 72 2b 1
lo E3 b 3
723 723
RI R3 R3 RI
5 H 5 y
R2 L3 R2
r_j_ .0| 13 _1i00pF
.0l |OOPF
¥ | , 7
TYPICAL VALUES TYPICAL  VAULUES
VouT Q‘ R2 RS VouT R\ R2 R3
3.0 4.2 K 3.0l k [.79 K 9 .87 Kk T.1S5 K 48K
2Hb 3.57K 3.5k [.80K 12 4.87 k 7.15 K 2.90k
5.0 2S5 K 4.99 k l.50K IS 7.87 k 7.15 K 2.7S K
b.O LIS K 6.04K %6 28 2150l k 7.1 K 5.33k
FOR ANY VOLTAGE BETWEEN 27 FOR ANY VOLTAGE BETWEEN 7-37
VOLTS voLTs:
Vour = <VREF )ﬁ ( R +R2 Vour = (VREF ) % R2 ot
*
Veer = 6.8=75Vv (MEASWRE AT PING) Y=
RIXR2 RI*RZ  (R3, WHICH IS OPTIONAL, GIVES
R3 = TZ_‘HRZ R3= RI4RZ  TEMPERATURE STABILITY)
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OPERATIONAL AMPLIFIER

741C oFFseT )| 8 NC
NOLL
INVERTING 2 L 7. \V+
THE MOST POPULAR oP-AMP. INPUT
USE FOR ALL GENERAL PuRPOSE NON-INVERTING 3 + f_& ouTPUT
APPLICATIONS. (FOR  SINGLE IBPUT
SUPPLY OPERATION AND  VERY v- 4 5 OFFSET
HIGH INPUT  IMPEDANCE , USE NULL

OTHER OP~AMPS IN THIS NOTEBOoK.)

INVERTING AMPLIFIER

y=%t5-i18v

RI
V|N O—AM

UNITY GAIN FOLLOWER

USE To V=%5-1gv
COUPLE HIGH
IMPEDANCE
To Low
IMPEDANCE. L 2
b 5 Vowr
Vin H:s
Vour = Vin

SINGLE POLARITY SUPPLY

RZ
+V= 5-18Vv
Vin MUST
BE NEGATIVE.
R\
Vv o—/ A
S Vour

TYPICAL USES:

AMPLIFICATION OF DC VOLTAGE AND PULSES.

NON-INVERTING AMPLIFIER

COMPARATOR

+V

v= ¥5-18y

Vin o____Z_‘
Vour

VREF o—iﬁ

TYPICAL
APPLICATION
=\ SHoOw N SELow2

LEVEL DETECTOR

+q 1K

VIM

THIS CIRCUIT
SHOWS SINGLE
POLARITY OPERATION
OF A COMPARATOR.

Rt SETS THE VOLTAGE
THRESHOLD (UP To +9), WHEN Vi
EXCEEDS THE THRESHOLD (ALSO CALLED
TAE REFERENCE), THE LED GlLows.

7

DETECTION



OPERATIONAL AMPLIFIER (continueo)

751C
BRASIC INTEGRATOR BASIC DIFFERENTIATOR
(o} R2 10 KH2 IN:
V=%5-1avy ﬁ\[L BALES v=X5-igv iz C) = .00022ufF
___/v\/\____l ei= .ool +V Rl = \0OK
R2 Ri= iok RI C) R2,R3 710K
+V R2 = |OOK ‘/‘\'/‘ o—NV\—\
BF RI > . R3= 0K IN ».,‘_f']ij—"
IN -741 b 45 bk P

+ ouT .3 5 WHEN V= Eqv
R3 1 AND N = X .25V,

\
A -v whHen v =1qy oyT = % .25V

AND IN = x.25 v,
ouT = % \v,
BRIDGE AMPLIFIER
CLIPPING AMPLIFIER L) =il )
(»})} D2
V=t5-18V Dl AND D2 =
[ I: R2 E ] ZENER OIODES. + O0-1 wmA
— N IF Va2 = QV)
THEN oOUuTPUT
+V CANNOT EXCEED
R) F s =
Vin o= 2 RY: BALANCE _L
L5 Vour Rb: ZERO &
3] =i} | -9
1 T Voor =V (% 3
T UP To Vo + 0.7V, Rl 1s uUNKNOWN RESISTOR. usE (dS
~ ! CELL FOR RI TO MAKE A VERY
SENSITIVE LIGHT METER.
SUMMING AMPLIFIER
2 - DIFFERENCE AMPLIFIER
100K J\I?\?\K V=ts_gy lgol-qOK
R
looK
Vour | 2
Vin
2 3
RZ
100K R3
looK -V
Vour = =(Vinl + Vin2) N\
NOTE: Vour CANNOT - Voor = Vin 2 = Vinl
EXCEED TV,

98
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OPERATIONAL AMPLIFIER
741C

LYGHT WAVE RECEIVER

R}
19 . M
Rl 2
220K \x cz
4.7 uF
+ ¢t +
\\ Q .\MF?’ b‘l
RADIO SHACK
276-130
By,
UDSE TO RECEI\WE VOICE i SPKR
MOOULATED LIGHT WAVES. OK
TO USE SINGLE  POLARITY POWER
SUPPLY FOR NON-VOICE RECEPTION.

HIGH PASS ACTIVE FILTER

R}

27K V=% 5-)a 4B
R=RI=RZ = 5
C=C1=¢C2 rats Tf _3l _/_
+V
L FREQ
¢l cz e Y
FRE@.-Ol -0l 741 e |, FREQ.
INo I i 31 ouT
G—“ N P VALUES SHOWN:
CUTOFF = RZ -V
| C 21K OdB = 750 Kz
2T RC -3dB = 250 Hz
;| -35c¢B = 6O Hz

LOW PASS ACTIVE FILTER

¢
.ol V=t 5-18 48
R=RI=R2 | L.
c=Cl=C2 _—4\ -zE E
+V
FREQ
FREQ R! R2Z z
N l1ooK | 1oOK . FREQ
O—Mw_f ouT
VALUES SHOwN:
ot 4
CUTOFF = I 2.2 Ode = 50 Hz2
S| - OIuF -3 dE =250 Ha
2T RC i~ -50 4B = 10 KH2

(CONTINUVED)

60-Hz NOTCH FILTER

Cli c1

7120 PF ZZOPF V" iS—lB dB

Ve ~ A

A 7

R3 { ;
10M bOH2
Cc3

FREQ.
ouT

Rt R2
tom 1O0M

Lo FREQUENCY [N

LOHz INPUT
| Dowa -3dB8

H-BIT D/A CONVERTER

BINARY
\NPLTS

Ou*l;?

3
ADD CiRQUIT
BELOW FOR
= IMPROVED
RIO OPERATICN.
470 +.4v
RI-RS:
OK TO USE
LK. (2K
(2k _ o Gl e =
BEST)
OuTPUT
VOLTAGE
S RY
(0)(1510) ¥ e, v - i 1 V]
10K
10k
10K
= 10K
/WA
ouT
BASELINE
ADJIUST

9



OPERATIONAL AMPLIFIER
741C

OPTICAL POWER METER

o .02 uF
1 M H CAUTION:
I: 0-10.0 uA L__/v\/\__1 THIS IS
2: O~ 1.D mA 2uF A VERYN

3: 0-0.1 MA x ___*_K__,‘ SENSITIVE
100K CIRCUIT !

S\ o—d TOO MUCH

2 ZuF T LIGHT witl

FuLl SCALE| | . HE—4 SLAM THE

METER \ok METER

READINGS LM NEEDLE.
5K

SILICON SOLAR
CELL

THIS CIRCUIT
GooD QuALITY

CAN BE USED AsS A
RADIOMETER.

FAIRLY

ELECTRONIC BELL

R2 “" Cl! V}F R3
M .0085 1M

R1
tokK F]anqﬁ,,,
S "' To AuDIO
Pk AMPLIFIER
PRESS
TO RING

ADJTUST R3 ToO JUuST BRELOW OSCILLATION
POINT. ADJIUST R2 AND R2 FOR SOuUNDS
SUCH As BELL, DRuM, TINKULING, ETC.

100

(Connuueo)

BARGRAPH LIGHT METER

R3: OFFSET
ADJUST

RI
1K

RY

100K

49

10K

F—_J\M

Ql

Ql IS A PHOTOTRANSISTOR

(RADIO SHACK 276-130)
CONNECTED AS A

PHOTODIODE .
CELL
BE USED.

SOoLAR

LEDs

A Siticon
CAN ALSO

USE GREEN
FOR READoOULT.

MA__

330

R®
390

R4
470

AUDI BLE LIGHT SENSOR
o7/ Wi
RI +9
é 1K
7 R3
“ +7w e 2
I = + c2
v 1 4.7mF
RY
R2 =9 4
- U pca 8L SPKR
Pci,PC2— CdS PHOTOCELLS

LIGHT onN PclI
LIGHT on~n  Pc2

DECREASES TONE FREQUENCY.
INCREASES TONE FREQUEMNCY.

(RADIO SHACK 276-11G)

—
“-—
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ODUAL OPERATIONAL AMPLIFIER

V+
1458 8] 7] sl 5W
TWO 74IC OP-AMPS IN A
SINGLE 8-PIN MINI-DIP, TRY
TO USE THIS CHIP FOR 4
CIRCUITS THAT REQUIRE TwO
OR MORE 74!'s. You'LL SAVE
TIME, SPACE AND MONEY. o2 31 4]
V...
PEAK DETECTOR PULSE GENERATOR
RZ R4 R2
10K 1OM \OX *
A NN C\ FREQUENCN (_‘
.00\ uF 5877 H=
.0l mF b0 H=2
A0 /.AF 51 H=
| .00 mF & H:
5
L%+\,1 S
1K by
Cl STORES
THE PEAK | TRIES 7 NESE
VOLTAGE R
AT Viwn. | ’é RS K
- R3 10K
APPLICATIONS INCLUDE USE AS 10K =3
ANALOG "MEMORY" THAT STORES
PE AK AMPLITUDE ©OF A FLUCTUATING PULSES ARE DC. AMPLITUDE
VOLTAGE. WHEN Cl= o.\/“F IS 258 VOLGS,
FUNCTION GENERATOR
etV
RS 100K _AAAL FREQUENCY = | KRz
p—)}l_—a. Re ook
J——QH. g BN V' N
R4 CL .\uF c3 R\
10K R7 +9 .ooz 27K
| AAAL_Le Ve 100K R10
L AAAL 1OK.
g|l4s8 ™y
$ 7
5 f
R6
1ok TL Jr
-EoRieEet TS -INAN A
SQUARE: T 7.5V TRIANGLE: T2v SInE: fTzv



DUAL OPERATIONAL AMPLIFIER

V+
LF3S3N (JFET INPUT) 8] 7] e s
HIGH IMPEDANCE (10 0AM) JuncTion FET [_<
INPUTS. OUTPLT SHORT CIRCUIT
PROTECTION.  HIGH SLEw RATE (13V/mSEC),
Low NOISE OPERATION. AMPLIFIERS ARE
SIMILAR TO THOSE IN THE TLO84C. NOTE
TRAT PIN CONNECTIONS ARE THE SAME AS

M58 . THIS OP-AMP, HOWEVER, OFFERS ] 2] 3] 4l
MucH BETTER PERFORMANCE. V-

SAMPLE AND HOLD PEAK DETECTOR
TRACKS Viu
+4-18v AND STORES +4-18YV
PEAK Vin IN
= Cl.
Yy Dl
UObb INg)Y =% VOUT
Viv o o0"0 Vin
S/h o] REDUCE CI p 2_1%
‘ luF l ~4-18v FOR FASTER \/AFI ~4-18V
E RESPONSE.
-+ TO CHANGING Vin ¥
= S/H: H = SAMPLE
L = HoLD
PROGRAMMARLE GAIN OP-AMP
+4-15
AUD‘O M‘XER GAIN A 31 YHO0bb
SELECT Bin S5 114
Cogo—t_to 1
D Lo 12 1
1l o 6d2AAM_ AL ~
MAXE
SELECTED 3 oI AAA_L B
R} GAIN INPUT R2
I oA z H, oTHeRs L. ¢ 8| o 19AAA ] C
R2Z 34
; Tt
R3 i 8 —~4-18V
3
! I Ri=R2=R3=R4=(0OK
Y ¥
—_—
CONNECT OUTPUTS OF PREAMPLIFIERS
TO INPUTS 1-3. OK ToOo ADD MORE
CRANNELS. WORKS WELL WITH

TLoa4 MICROPHONE PREAMPLIFIERS.
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QUAD OPERATIONAL AMPLIFIER

TLOSHC (JFET INPUT)

HIGH IMPEDANCE (10 OHMS) JUNCT/ON
FET INPUTS. OUTPUT SHORT CIRCUIT
PROTECTION. HIGH SLew RATE (12 V/
/usr:c) PLUS tLOW NOISE OPERATION.
PERFORMANCE SIMILAR TO LF353N.
NOTE THAT PIN CONNECTIONS ARE
SAME AS LM324,

MICROPHONE PREAMPLIFIER

RZ (GAIN

USE Low R IM__conTROL)
To MEDIUM R3 ook t4-i18v
IMPEDANCE e y

DYNAMIC
MIKE

NOTE SINGLE POLARITY POWER SuPPLY
(TRANKS TO R3 AND R4) AND  Ac
COUPLING.

V_
il 3] 2| u] o] al 8}
4y
vi2T 3l 4l sl 6] 7
v+

LOW-Z PREAMPLIFIER

R2 100K
A
U3SE Low
IMPEDANCE ’4] +4-)8y
(tow-2) 1K A
MICROPHONE
el L FETR
OK TO USE
85 SPkR AS R4 -4-18Yv RADIO SHACK
MIC ROPHONE . 100K 273-1380
COMNECT DIRECTLY ¥
To INPUTS (PooR u RED
To FAIR} OR USE BLACK
TRANSFORMER (GOOD)!
V= IN
8L spPkR e
WHITE BLUE

INFRARED VOICE COMMUNICATOR

Rl
1K

DYNAMIC
MICROPHONE

! :
Ci l RT -9V

zzo,t:‘[*? ok TRANSMITTER

—

POINT THE LED AT QI
BEST VOICE QUALITY
PRERIAS TO LED.) Rb LIMITS
CLRRENT TO A SAFE 40 mA.

AND ADJIUST RY UNTIL
1S OBTAINED. (R4 APPLIES
MAXIMUM LED

49y
R) o R1
220k JuF <1k
RS2009 Ql
RECEIVER
/I// -9y POWER
__L AMPLIFIER

INFRARED
LED USE RADIO SHACK 27-130
(27e-142) PROTOTRANSISTOR FOR Ql.
MAXIMUM RANGE : HUNDREDS

OF FEET AT NIGHT  WITH
LENSES AT Q! AND LED.
PowgR AMP: SEE LM3&6.
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QUAD OPERAT|IONAL AMPLIFIER

GND
LM324N 9] i3] 1z wl o] 9] 8]
OPERATES FROM SINGLE POLARITY o3
POWER SUPPLY. MORE GAIN (100 48)
BuT LESS BANDWIDTH (I MHz WHEN %
GAIN IS 1) THAN THE LM3900 QUAD .
OP- AMP. NOTE UNUSUAL LOCATION
OF POWER SUPPLY PINS. CAUTION:
SHORTING THE OUTPUTS DIRECTLY vl 2] 31 4] s ol 21
To V+ OR GND OR REVERSING THE +3-30v

POWER SUPPLY MAY DAMAGE THIS CHIP.

BANDPASS FILTER INFRARED TRANSMITTER

+9
L f
cl RI RS
RI 22 K y R RS2009 100
Iso IN ot
VINO—/VVLA- g
b— Vour - RY
L_AANL . 100
BANDPASS INFRARED
FREQUENCY ! LED (22-142) | NN
| KHz |

X

PULSE GENERATOR

+4-30vV
N o]

Di-D2: INQI4
ok TO
ELIMINATE, Rl
I so, 100
CONNECT L:
R2Z TO Pin |
AND ELIMINATE
R3. 2
386 KHa
Ci _J__ CHANGE R4
ANnD /OR CI

TO VARY PULSE
REPETION RATE.

CAREFULLY ADIUST -

R3 FOR BEST VOICE
QUALITY. FOR MORE
POWER REDUCE RS
TO 50N... BUT Do

USE DYNAMIC
MICROPHONE AT
INPUT. RECE\VE
SIGNAL  WITH
PROTOTRANSISTOR

NOT ALLOW MORE THAN PLus oP-AMP.
30 mA THROUGH LED!

INTERFACE CIRCU ITS+

To
TTL

OBSERVE Gl's -
POWER RATING\\Q\

ITLORWER £ ™. AL /47 LAMP DRIVER
T LM324N X
S Ik
IN
> ouT
¥y

RUFFER (out = IN)

LED DRIVER -

—
-



QUAD OPERATIONAL AMPLIFIER  +y-3.v
LM3900ON HT 13} 12] u] 10| 9] 8

OPERATES FROM SINGLE POLARITY E ji

PowER SUPPLY. LESS GAIN (70 dB)
BuT WIDER BANDWIDTH (25 MHz AT
GAIN OF 1) THAN THE LmMm324 QUAD
OP ~AMP. NOTE STANDARD POWER
SUPPLY Pinv LOCATIONS. CAUTION:

SHORTING THE OQUTPUTS DIRECTLY TO V¢t ] 2 3] 4] 5] e] 7}
OR GROUND OR REVERSED PoweR =
CONNECTIONS MAY DAMAGE TRHIS CHiP.

ASTABLE MULTIVIBRATOR TOGGLE FLIP-FLOP

+a’ +5-12
J USE AS CLOCK,
PULSE GENERATOR OR
DUAL FLASHER (sHOwN).
+ A - R
R!
100K
RZ
IN § M
» e :
R} c I M
500k .00l
RZ > Q
100K |
To TOGGLE: MAKE
1 INPUT LOW, THEN HIGH.
FUNCTION GENERATOR X110 AMPLIFIER
R3 R2
33K VM
RA
100K
R\ AMA
M Vour
¢l
5T ’
- VIN
& R2
v PULSE +4-30 vw=v.~(ﬁ)

FREQUENCY = I.ZKH2
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QUAD COMPARATOR

GND

LM339 (276~ 1712) 9] 3} 12| ) 10) 9| 8]
3

FOUR INDEPENDENT VOLTAGE COMPARATORS 3
IN A  SINGLE PACKAGE. NOTE THAT
A SINGLE POLARITY POWER SuPpPLY ’ \
IS REQUIRED. (MOST COMPARATORS ARE ‘ ~ ]_gl
DESIGNED PRIMARILY FOR DUAL SuPPLY
OPERATION.) NOTE ULMUSUAL LOCATION OF THE
SUPPLY PINS. COMPARATORS MAY OSCILLATE 2] 31 4] s| of 71
IF OuTPUT LEAD IS TOo (CLOSE TO INPUT LEADS. +2-32v

GROUND ALL Pins OF UMNUSED COMPARATORS.

NON-INVERTING COMPARATOR INVERTING COMPARATOR

|

OPTIONAL gk g F& Ri~-R2 +2-32
INPLT DETERMINE + INnPUT
VOLTAGE REFERENCE VOLT A GE

+9 / ‘v VOLTAGE LT

W (45 v AS SHown). +REFERENCE
RY 12 VOLTAGE
100k
R2
= ST =

LED GLOWS WHEN INPUT VOLTAGE (PIN 5) INVERTING COMPARATOR .
LOW N VOLTAGE INY).
FALLS BE REFERENCE AGE (PINY) WITH HYSTERESIS

NON-INVERTING COMPARATOR s
WITH HYSTERESIS siNei
=7 VOLTAGE

3.3K

+ REFERENCEQ +REFERENCE
YOLTAGE L5 OUT YOLTAGE
+INPLT NOTE : HYSTERESIS PROVIDED

VOLTAGE 10K 1I0M &—— BY FEEDBACK RESISTOR STOPS
OSCILLATION.

TTL DRIVER  CMOS DRIVER hAt e GUTERT

+5
u A +3-15 00k o CONTROL
L= ENABLE
TO T0
5 TEL s CMOS ouT Az
= = N
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L/

QUAD COMPARATOR (continuep)

LM339

WINDOW COMPARATOR
LED BARGRAPH READOUT =

+5-10
+5-10
RI é 4 * RY RS
100K > RI 10K 1K
RL
5 S N 1K 5 3
* Yy 2 A +\/H 2
4| 339 " 4| 339
R2
LK W
INPUT Ul Q!
VOLTAGE Yy : RS$-2009
b 339
= 12
R3 *
a5 & 1
THE LED GLOWS WHEN THE INPUT VOLTAGE
RY IS WITHIN  THE WI/nNDOW DETERMINED BY
\ K Ri1-R3. THE winDow IS 4-8 MILLWVOLTS WIDE
WHEN R = 5000, RZ=12008 AND R3= I M. T
EXTENDS FROM 1.6 =4.2 VOoLTS WHEN Rl ANMD R3=
= 150000 AND R2=125000fL. USE POTS FoR
RS RI-R3 FoR A FOULLY ADJTUSTABLE WINDOW.
1K

ADJUSYT RI1 To ACHIEVE
L SENSITWITY LP TO A ‘PROGRAMMABLE L\GHT METER
INPUT “ FEW MiLLivOoLTS PER
VOLTAGE LED., SEE POPULAR ELECTROMICS
(sEPT. 1978 pp92-97).

Pci
SQUAREWAVE OSCILLATOR
A T
100K ¥
v
- RS-2009
R L1 |ouT (Ha) : RY PCI:
100K R1 5K Cd S PHOTOCELL :
22,078 M b\ . (RACIO SHACK 276-11k)
2,124
309 ADJUST R! AND R3 SO LED GLOWS WHEN
30 LIGHT AT PCl IS ABOVE OR BELOW ANY
& DESIRED LEVEL.
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LED FLASHER Z0SCILLATOR

39019

EASIEST TO USE IC IN THIS
NOTEBOOK. FLASKRES LEDs OR
CAN BE USED AS TONE SOURCE.
WiLtL DRIVE SPEAKER DIRECTLY.
WiLL FLASH A RED LED WHEN Vi
IS ONLY 1.3 VOLTS.

LED FLASHER

RED LED W& +1.5v

R pRn R A e

> S\

= 2909 OPEN=2H~

4] ] i CLOSED=5.5 H2

*r

FAST Rc 1] 8 SLow RC
J ok
our 2 % 7 NC
Ne 3| 33k ¢ & R,
A rz.n.g
GND 4 3 5 V+

POWER FLASHER

t3V
(ATN 30m A)

RI-RZ:

OPTIONAL

FLASH
47 uF RATE
(2 4 CONTROL. -
INFRARED TRANSMITTERS
TRANSMITS
STEADY IR LED IR LED
| KH= (e-142)  INQIH  +1.5V (27e-142) INQIY +1.5Y +l.S5v
TONE. ﬁ TRANSMITS
DISTINCTIVE
e IS WARBLE To~el l i |8 js
3909 3909 ' 3909
RI 3 R\ Ci
LS K ‘ 470 | F
L i [___)2 i J (R ey R R
v 3 R N i 2”1 B

LIGHT CONTROLLED TONE

+{.5v TONE
A FREQUENCY
N INCREASES
=) WITH LIGHT.
R}
/ et |+ 3909 100
- .lr«.F
Cds e 4
PHOTOCELL I I
(276-116) =  SPKR

108

LAMP FLASHER

tbv

[ 1s 5

-
C1 3909
#1512 orR | 470uF
OTHER + |
-8 R A 2 ]j
BULB

—_—
-



LED FLASHER /OSCILLATOR

39019

WHOOPER

+.5Vv

\
8 5

39049

A +.5V
33K
Cles

' 8
3909
+ q
IOO/.AF \ E _l

SUN POWERED OSCILLATOR

R
10K

"

Yo 1404

Y
R, - 4
i

= FLASH LED (5|
L = INHIBIT

CONTROLLED

(conTinuED)

CHIRPER
+1.5v
- )
J/ E | |5
R a 29019 :
ISK A [+ 1
i o |
T gy _[H en
Jog L SPKR
$+1L5V
8 s ¢
3909
C2 Y
4
TOY ORGAN

+1.5V
h

{(ﬁlﬁlﬁlﬁj lﬁ* . .

HHTHE

100 —

RI - 33K (376 He)
Rz-1.OoK (719 Hz) RYy- 150 (2.88 KHz)
R3~ 330 (173 KHz) RS- 47 (b.54 KHa)

3209

3909

+5v

H= TONE + LED GLOWS
L= INRIBIT
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DOT /BAR DISPLAY DRIWER
2 3 4 5 6 7 8 9
LM39| 4N 8f 7] 1e] 1s) 9] s} 2| w] ¢

TO OUTPUT LEDs

10

ONE OF THE MOST |MPORTANT IF THE LEDs FLICKER, CONNECT
CHIPS IN THIS NOTEBOOK. A CAPACITOR (0.05 uF ToO
LIGHTS UP To 10 LEDs 2.2 uF) FROM LED ANODE LINE
(BAR MODE) ©OR |-OF-/0 (EDs To PN 2.

(0ot MoOE) IN RESPONSE TO

AN INPUT  VOLTAGE. CHIP 2l 3] 4l s] of 2] o] 9]
CONTAINS A VOLTAGE DIVIDER I -V *V R IN Ru REF REF MODE
AND O COMPARATORS THAT OuT ADY

TURN ON [N} SEQUENCE AS
THE INPUT VOLTAGE RISES.

HERE'S A SIMPLIFIED VERSION DOT/BAR DISPLAY

OF THE CIRCLIT:

RZ +3-i8
LED 100k 3 LEDs
+V 3
1} il 10
o4 34 3 LM3Q14
Rmi & Xy q
TO INPUT
K T 8
PINS IN 03]
=N Rl CONTROLS 7
E : § LED COURRENT.
1oy CURRENT k) (]
x TRROYGH R\
L3P IS 35  LED z 5
+ ¥y CURRENT.  SINCE
CURRENT (I) R} &)
1K THROUGH A K
RESISTOR (R) 2 3
1»-—->\ IS VOLTAGE
! K Across R 4 2
DIVIDED  BY
p % R, IK Glves 8 \
K AN LED Sl (L
CURRENT OF - 9 BAR & doot
Rwo 4] o )] 5 |3 +3-18v 10 mA. ﬁx,
20Kk |BUFEER St
IN 51 A4 KN WHEN *+V = +3-18 vOLTS, THE READOUT
RANGE St Oal3) =l B.O. SVOLTS: TO
(9 mooe CHANGE RANGE TO O.I=1.0 VOLT
REF 7 REFERENCE (o' voLt PER LED), INSERT A K
ouT VOLTAGE POTENTIOMETER BETWEEN PINS b
REF B8 SOURCE. AND 3. CONNECT VOLTMETER
ADTUST ¢.2v) ACROSS PINS 5 AND & AND ADJUST
R2 FOR 1 VOLT AT PIN S. THEN
ADJUST Ik POT UNTIL (ED |10 GLOWS.
Rui AND Rwe ARE THE ENDS OF REPEAT THIS PROCEDURE FOR Ol -
THE OIWIDER CAAIN. THE REFERENCE voLT AT PIN S AND LED |. OK -
voLTAGE ouTtpuT (REF ouT) IS L2—1.3 TO REPLACE THE Ik POT WITH A
VOLTS. CONMNECT PIN 9 TO PIN I FOR FIXED RES\STOR OF THE PROPER
DOT MODE OR +*V FOR BAR MODE. VALVE.

11O



\ )

DOT/BAR DISPLAY
LM3914N

+3-18 V

)

3]

LM39iy

DRIVER (conTinued)

20-ELEMENT READOUT

THIS CiIRCUIT SHOWS How ToO CASCADE
2 OR MORE LM3Qi4's, WHEN + V =

VOoeLTS, THE READOUT RANGE IS
O.14 v TO 2.7 V. HIGHEST ORDER LED
STANS ON DURING OVERRANGE. AVOID
SUBSTITUTIONS FOR RI Rz AND R3.

\S THE MODE SwWiTCH. USE A
DPDT TOGGLE. POSITION | SELECTS
BAR AND posiTion 2 SELECTS DOT.
OMIT S IF ONLY ONE MODE 1S
REQUIRED. SIMPLY WIRE IN THE
CORRECT CONNECTIONS.

SI (a) - . b
‘.__+<],“
7 13
R\ ".-'l 3
2.2K 14
‘Ql 1
+ 1 1S
— 7
¢l 2 e
2T uF L%
IN 5 17 ﬂ
¥y
H 8
2 K
£
e ﬂ )
R3
31 22K
b lio
Lm3qy| %
7 1l
&
R2 12 |:] ‘
; 1K /%
2 i3 I:]
%
4 14
8 15 l:
A &
= 1o |3
¥
5 17 |j
%
R -/45— 4 F k1
3
9 ) ‘ :]
Sl () Y READOULT
DIRECTION
THE CIRCUITS orn THIS PAGE
ARE ADAPTED FROM NATION AL
SEMICONDUCTOR'S LM3q14 LITERATURE.

BOTH woRk

WELL.

FLASHING BAR READOUT

¢l o 3] R2 IK
100 mF 2 AGMNA
LtM3914| % RY
R & 22
470 5
£
R2 e ’

K

%5 !
™
5 DOT MODE:
IN ) Is lQ , comnEeT
e

PIN @ ToO

r‘_l-_"<}_4 4N
5 INSTEAD
OFe el

4 'Ie.i,l < /)
8 | "’] :] /

= q]
WHEN ALL 1O LEDs ARE oM
THE DISPLAY FLASHES. OTHERWISE
THE LEDs Do NOT FLASH.

INCREASE ClI To SLOW FLASH RATE.

L]



DOT/BAR DISPLAY DRIVER (conTinued)
LM391I4N

+9 SOLID -STATE OSCILLOSCOPE
3 r
2 THIS 1S AN
9 RI: VERTICAL GAIN EXPERIMENTAL
Lm3914 | M R3. HORIZONTAL SOULID - STATE
SWEEP (TIME&ASE) SCOPE THAT wiLL
USE R3 TO FIT IN A POCKET
SCREEN: SYNCHRONIZE SIZE HOUSING.
SCOPE  WITH THE RESoLUTION IS
100 RED LEDs INCOMING WAVE.| POOR, BUT VARIOULS
CONNECTED TO WAVEFORMS CAN
INTERSECTING BE VISUALIZED.
LINES LIKE THIS EXPRND BOTH THE

l VERTICAL AND
HORIZONTAL CIRCUITS

= FOR MORE RESOLUTION.
Bk ADD oP-AMP TO FOR MORE |NFORMATION

INPUT FOR MORE SEE POPULAR ELECTRONICS,

SENSITIVITY. USE | AUGUST 1979 (pp.78-79).
Rl TO CALIBRATE.

o ! 2 2 4 s 6 7 8 9
RESET 4017 N
(cLear)
3 _8] lbi
o SI: | = TRIGGERED SWEEP aw

2 = FREE RUNNING = k)

USING THE LM3914 AS A CONTROLLER:

RELAY OPTICAL COUPLING
RY |
+ SNAS Y RELAY: NORMALLY OPEN
- RY! (GV,500R) __,/__.——?H r_oon::oalegws +SNORMALL‘{ CLOSED7
TO DETECT 1 L
ANY LED SPECIFIC
OuUTPUT W Rl oOuTPUT R1
LM391y 4k LEVEL. H7K

()

I,2= /3 7404
Ql: USE RADIO SHACK
276-130 _ ETC.

Cl —47uF (PREVENTS CHATTER)
DI — INQI4
RYI—RADIO SHACK 275-004

12

Q\. PHOTO-
TRANSISTOR




\

DOT/BAR DISPLAY DRIVER 15 0 (L0 L B L7
LM39I5N 18] 17| 16| 1s) 4] 13} 12 u} 0}

TO oOuUTPUT LEDS

LOGARITHMIC VERSION OF THE IF THE LEDs FLICKER CONNECT
LM3Qi4 N. THE LM39)4N USES A CAPACITOR (0.05 uF —2.2uF)

A STRING OF 1K RESISTORS FROM LED ANODE LINE TO

AS A VOLTAGE DIVIDER WITH PIN 2.

LINEARILY SCALED DIVISIONS,

THE VOLTAGE DIVIDER RESISTORS rE 2] 3] 4] 5] 6] 7] 8] 9]

OF THE LM3ASN ARE SCALED I -V +V R IN Rw REF REF MODE
TO0 GIVE A -34dB [INTERVAL ouT ADT

FOR EACH OUTPUT. THIS CHIP

1S |IDEAL FOR VISUALLY MONI- SEE (M3QI4N FOR EXPLANATION

TORING THE  AMPLITUDE OF OF PIN FUNCTIONS.

AuDiO SIGNALS.

O TO -27 4B DOT/BAR DISPLAY

*3-1aVv LED DISPLAY
Ir "
BAR MODE
3
o Rt —4 O dB (FULLSCALE OR FS) O 0 © 800 OOOO
LM39)5 [ L -348 ( 707 FS) ®o000000000
SIGNAL o 3] 4 ( ) L LL
IN '1m d - b dB .S00 FS (W W N W NN
(AC oR DC) %
LL{Q_J -9dB ( .354 Fs) eeee00 0000
¥
¥
E Mg -1248 ( .250 Fs) eeee0000000
¥
7 e et L 1548 (77 Fs) eeesee0c000O0
¥
¥
RI % ___’<'“’ }._4 -18 48 (.\25 Fs) @0 O0O®00C0ONDOO
1K ¥,
2z gl o -21 48 ( .ce8 FS) ©000000000
Yy
4 I8 -2448 ( .02 FS) 000000000
¥y
8 i K] -27d8  ( .ou4 Fs) 000000 COO
e ¥
= 9
} *OK TO LSE
— 50— DOT MODE.
BAR  DOT

THE INPUT SiGNAL CAN BE CONNECTED
DIRECTLY TO PIN 5  WITHOUT RECTIFICATION,
LIMITING OR AZ COUPLING. SEE THE
LM3914 A FOR MORE IDEAS AND TIPS,

I3



TIMER

558 GROUND _! 8 Ve
TRIGGER 2, 7 DISCHARGE

THE FIRST AND STILL THE

MOST POPULAR IC TIMER OUTPUT éj r‘_?_THRESHOLD

CHIP. OPERATES AS A

ONE-SHOT TIMER OR AN ASTABLE RESET 4 S CONTROL

MULTIVIBRATOR. THE 556 IS VOLTAGE

TWO 5SS CIRCUITS ON ONE CHIP

555 EQUIVALENT CIRCUIT BOUNCELESS SWITCH

+5-15
8| 4 4 PRESSING S| GIVES
INTERNAL 8 4]  cltean 0.1 SEcomD
5K ‘ REFERENCE RI OUTPUT PULSE.
jooK
o - 7 555 |3 . _1:
5
e 3 »
5K CONTROL |_| l S|
FLIP- FLOP ca X
\,uF
2 ts
S5k % =
POWER 3
TIMER PLUS RELAY
I ]'X
' +9 TRIGGER ~LU—
[7 A
4] RELAY :
| AND 2 ARE COMPARATORS.  CIRQUIT b LV, S5oon
CAN BE  MADE FROM INDIVIDUAL PARTS 12 mA *
AS SHOWN.., BUT 55S IS MUCH SIMPLER. RI 7 585 |3
M |
b INqIY
k__yy
ONE -SHOT TIMER S e
lOﬂF .OlﬂF
+5-15v ] T
A y
4 = *¥RADIO SHACK 215 -004
RI 2 5 TRIGGER
1M INPUT U VALUES OF R! AND €I SHOWN
74 555 T WILL PuLlL RELAY IN FOR ULP TO
s, ABOUT I SECONDS. USE POINTER
b 3 outrur | L KNOB AND PAPER SCALE TO
HELP CALIBRATE CIRCUIT. USES IN-
(1 A L1tz S_L T=LIRLEY CLUDE DARKROOM TIMING. CiRCUIT -
LuF T .m,.r]‘ CAN BE TRIGGERED RBRY A e
_ | VALUES SHOWN GIVE NEGATIVE PULSE OrR WITH A
=1 252 | SECOND OUTPUT PUSHBUTTON SWITCH AcCRoSS
|| = PULSE. PINS | AND 2.



()

TIMER (comntinuveD)
5585

TOY ORGAN

+9 Too LouD?
R\ . N ADD 100SL
look e 41 RESISTOR.
(comTROLS [
FREQUENCY 3
RANGE) sard 10555
3an
R2 6 SPKR L
1K
i A Clol A
47 uF
M4
S| () &
n o= #il =
o
S ez TYPICAL VALUES!
" 8y W
—0 O—-—le—-{p
¢t — olo  wuF
S3 3 2 — 0.05 =
+—o0 o—__ie__ﬂ cy - O.ol ;:F
€4 — 0.005 mF
sy ey s = o.ool mF
0O o__{(_____4
USE  ANY
AVAILABLE VALUES
IF THESE ARE

|
\
ADD ADDITIONAL
STAGES |F [CESIRED.
SWITCHES ARE NORMALLY
OPEN PUSHBUTTONS.

NOT AVAILABLE.

S5 1t Vi cs
+—5 o——le——{s
Y

LED TRANSMITTER

+5
/
{ 8 ‘*I_| R3
R {o SL
\OK
7 5s8s USE INFRARED
LED FOR &EST
21 b N RESULTS.
a \
1K
2.
CIRCUIT PULSES LED

i

WITH 45 mSEC LONG,
.os,.t=t____< 1ZO wm A PULSES AT

b
n A RATE OF 4 8KHa2.

—
—

PULSE GENERATOCR

+5-15
A
8 y
Rl ! s . JUUL
M SSE
R2 b USE TO SwppPLY
K CLOCK PULSES
Z T0 TTL AND
=4 lL8cle

! CIRCUITS. RI
CONTROLS PULSE

C\
.0\ LL REPETITION RATE.

MISSING PULSE DETECTOR

+5-15
4
8 4 |

MISSING Putse RI
Y _ ook

Tt
-

i i

3 ouT

:L* ~

l
| T o

/Q\ AuF 1_:

RADIO SHACK 276-2023

THIS CIRCUT IS A ONE-SHOT THAT
IS CONTINUVALLY RETRIGGERED BY
INCoMInG PULSES. A MISSING OR

DELAYED PULSE THAT PREVENTS

RETRIGGERING BEFORE A TIMING
CYCLE 1S COMPLETE  CAUSES PFPIN 3
TO GO LOwW UNTIL A NEW INPUT
PULSE  ARRIVES. Rl AND i
ConTRoL RESPONSE  TIME, USE N

SECLRITY ALARMS | CONTINUITY
TESTERS, ETC.

F5



TIMER (conTinued)

555

ULTRA-LONG TIME DELAY

TOUCH SWITCH

+9 +5-15
h
Rl sT 4|
Y] Rl CONTROLS 100K g 2 o TOUCH WIRE
PULSE RATE (ToucR AND
FROom 558, A Vea 7 555 LED wiLL
555 THIS RATE 1S T AuF GLOW | SECOND)
DWIDED 8Y e 3
THE 4017's d WORKS BEST
To GIVE *lO, auF It 1 ez 5_] INDOORS DUVE.
X100 AND 11 OSuF 7 ¥ To STRAY AC
X000 DELAYS. FIELD. ELSE-
= - R2 WHERE TRY
q = 1K TOUCHING
. +T PINS | AND 2.
12 ) Al o] 1o
+9
4017 2, 14 Ho17 12, 414 4017 u ADDITIONAL
STAGES
] |
Is{ 13 8 3 8 15 Is| 131 8
X0 X100 i , X 1000
: PO e
J | =
| = RESET TYPICAL OUTPLT: 58S (Pinv 3)
2 = RuN 4017 (x10 ouTPUT)
LIGHT DETECTOR DARK DETECTOR
+9 CdS PHOTOCELL (RADIO SHACK T R3
\ \} 276 —116) A |OK \}‘
8 é ; 3 ( 6 ;
RI 4 oK 4 CdS PHOTOCELL
4IK 5 . (RADIO sHACK
555 cL 555 | 27~ 116)
WE TR BER
R2 A (% wrin VO R
1K 47 uF
8
J SPKR 801
! : SPKR

os,. T
=

PRODUCES WARNING TONE WHEN LIGHT STRIKES
MAK ES

PROTOCELL.

A  GOOp OPEN DOOR

ALARM FOR REFR\GERATOR OR FREEZER.

16

RESPONSE

SILENT WHEN LIGHT STRIKES PHOTOCELL.
REMOVE LIGHT AND TONE SOUNDS.

FASTER

THAN ADJACENT CIRCUIT.

()



TIMER (conTinued)
558

NEON LAMP POWER SOURCE

GREEN INQI4
N

L
Ar] o
x
®
L
—4
(®]
"
P
N

. 7| 585

) o
R2 g e BLUE
1K , ¢

- TI: 8 fL—IK

WHITE Ll

¢l t‘L !
Tuf L
L

WORKS BEST WITH BETTER
QUALITY NEON LAmMPS. REDUCE
Rl SULIGHTLY Foer MORE.

ovuTPuLT VOLTAGE..

TRIANGLE WAVE
GENERATOR

+9
4\
: 8 4|
RI
100K 7] 5858
R2 b
LK ,
2
+
!

ﬁL:iE

ADJIUST R\ To PROVIDE UuP To
10 KH=z. OULTPLT FREQUENCY
THIS HIGH PRODUCES CLOSELY

SPACED TRIANGLE WAVES. THE
WAVES ARE SEPARATED AT SWOWER

FrRequencies (VV—V ).

(RADIO SHACK 273-1380)
Cl: o.l muF, 250V
NEON LAMP

FREQUENCY DIVIDER

+5-15
A INPUT FREQUENCY
2 ?
, a% 2 k
R\ 7 5585 |3 ., DIVIDED
10CK FREQUENCY
b
el *l !
.l,«F’-r\ THE 55& FUNCTIONS
AS A  ONE~SHOT
1 TRAT 1S RETRIGGERED
=  BY TRE INPUT WAUVE,
WAVES ARRWING DURING
THE TIMING CYCLE

ARE VGNORED.

ONE-SHOT TONE BURST

+5-15  Si R3

N 4K
iy
o—"A &
a
R™
555 100K
c2 /———T—)-F:
10 - iOCMF ¥
3
—
YUY
' (880 H2)
PRESS S) AnD STEADY OUTPUT
FREQUENCY APPEARS AT PIN 3

AND OULUTPUT FREQUENCY
CONTINUES UNTE R G2 1S
DISCHARGED BY RA. INCREASE

€2 (OR R4) TO INCREASE LENGTH
OF THE BURST CHANGE FREQUENCY
OF TOME BURST VIA R2Z oOR Cl,

RELEASE St

|7



DUAL TIMER

S56 DISCHARGE | _ " Ve
THRESHOLD 2] | !> DISCAARGE
CONTAINS TWO INDEPENDENT | i
TIMERS ON A SINGLE CHIP. conTROL 3| | ' THRESHOLD
BOTH TIMERS ARE IDENTICAL VOLTAGE TIMER 1|
To THE S5S5s. ALL THE RESET 4. ? '! conTROL
APPLICATION CiRcuITS CAN TIMER 2 4 VOLTAGE
ALSO BE BUILT WITH TwO 5SS%%. ouTPuT = r'_Q RESET
THIS PIN CROSS REFERENCE WwiLL 1
SIMPLIFY SUBSTITUTING Two TR\GGER ©|_J 9 output
555's  FOR A 556 OR HALF
A 55 FOR A 585s: GROUND 7] |8 TRIGGER
FUNCTION 555 §s6(1)| 556(2)
GROUND | 7 7 3-STATE TONE SOURCE
TRIGGER 2 A 8
OUTPUT 3 5 9 +9
RESET Y 4 1o \
CONTROL V. S 3 l _ X
THRESHOLD e 2z 72 Uy i RY
DISCHARGE 1 ! 13 13 5K
Vee 8 14 14 R\
22K
! 556
INTERVAL TIMER R2
OO K
+9 2
4\
N 2. .

1K 2- STEADY TONE  AMMUMUUNRARNMMANTYIL
3- TONE BRURST Jusrannk

4l ml 0]
R3 Gl (%I
100K 3.5/.4[‘- " L
RELAY: 7 RG
R - 556 1 Lv 270
IM 5000 .
2 13 INGIY 12 mA* I =
R2 J; = TWO TONE UL LML o L
5
o

S55/5356 SCR OUTPUT

ﬂx_ zl:. - El_ +_ Vetadgs- -
Cl T c3 T cy ez T |§_ RESET (NMORMALLY
0OmF {05 | 0S| 22uF) ) 21K ? CLOSED)

i /= *RADIO SHACK 215-004 SCR

= RS 2009 =
TIMER | IS CONNECTED AS ASTABLE TO SsS/sse ~
OSCILLATOR. TIMER 2 |S A ONE-SHOT OUTPUT LOAD
RELAY DRWER. | FIRES 2 ONCE EACH (SMALL MOTOR | LAMP,
CYCLE. 2 PULLS RELAY IN FOR 3-S SECONDS. GND ETC.)
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DUAL TIMER (conTinues)
556

TWO-STAGE TIMER

+5-15
SOUND SYNTHESIZER '
+S-15 RI 4 4] 10 R3
IM 24K
R : 12 RY
41 4] 0] 8 N 556 M
SPKR A 13
556 i« B 8 )
RY %(_ T 1-1004F /
500K c3
R} R2 DUTRUTS = } .05
5K %Z‘{K \
q (VOLUME) P! b WU . U L
S 12 J_— Y I ) Co tL
c2 .os,.rT T .OSuF I-IOO,‘;]\
8 13 00S , , |
()7 M et -
sl - 3 .OLuF TRIGGER -
T
OWF
BoTH TIMERS ARE [N ONE-~SHOT
1 MODE. GROUNDING THE TRIGGER
THIS CIRCUIT 1S AN  OSCILLATOR L INPUT  INITIATES  THE  FIRST
FOLLOWED BY A  FREQUENCY TIMER'S CYCLE TIME. THE SECOND
D\WIOER. ADTLUST Rl AND Ry FOR TIMER'S CYCLE BEGINS AFTER THE
VERN UNUSUAL  SOuND EFFECTS . FIRsST IS COMPLETE.

PROGRAMMARLE 4-STATE TONE GENERATOR

+5~-15
4\
1 18 L A
4] 4] o] j RY SK MODE SELECT
13
RI 1o BA |ouTPuT
2.2K 556 LIl A  MODE
: 1C El L0 o B  SELECT L L |Two-TonE
13 L H |STeEaDY
R2 % 5 3| H4osi G RS % H L |BursT
100K 7 5K HH METRONOME
2 8 1z 8 R3
9 100K L= GND
o 12 s +5-1S (Voo)
y
ﬁ .
o f/_L\_ il CHANGE CI
33 uF Rb Jd* Anp cs4 7o
4 2705 an cy ALTER THE
o SPKR -l uF OUTPUT TONES.

19



TONE DECODER
S67

CONTAINS A PHASE—-LOCKED LOoOP

PIN 8 GOES Low WHEN THE |NPur
FREQUENCY MATCHES THE CHIP's
CENTER FREQUENCY (Fo). THE LATTER
FREQULUENCY s SET BY THE TIMING
RESISTOR AND cApaciToR (RAND C)
Ano 1s (1) =(RC). R sueud BE
BETWEEN 2k —20K. THE S6L7 CAN
BE ADIUSTED TO DETECT ANY |[NPUT
BETWEEN O.0l H2z TO SookHz. NoOTE:
| SEcondD OR MORE MAY RE REQUIRED
FOR THE 567 To Lock oN TO Low
FREQuUEnCY  InPUTS! SEe THIS CHIP's

oUTPUT } ol rg oUTPUT
CAPACITOR
LOw PASS } 2] (7 GROUND
CAPACITOR
INPUT 3 r&{ TIMING
= RESISTOR
+4.715-9.0v 1] 5 { TIMING
CAPACITOR

THE VALVE 1N MICROFARADS OF THE Low
PASS CapaciToR SHoue BE h /fo wWHERE
w RAMGES BETWEEN 300 (For up ToO
4% §o DETECTION BANDWIDTH) TO 2,000
(up 10 2% Fo DETECTION BANDWIDTH).
THE OuTPUT CAPACITOR SHoutD HAVE
ABOUT TWICE THE CAPACITANCE OF

SPECIFICATIONS FOR MORE INFORMATION. THE Low PAsS FILTER (APACITOR.

BASI1C TONE DE

TECTOR CIRCUIT

+9
+9 THIS CIRCuIT IS
3 4 RANDY FOR LEARNING
S R3 TONE  DECODER
R2 567 1K BASICS. THg 567
(o] 10K PoRTION CAN BE .
JuF USED IN  MANY
b 8 T\ DIFFERENT  APPLICATIONS
(SEE BELOW). THE
C2 ! PREDICTED fo Is
ADTUSTABLE TONE SOURCE A uF T il e Il KHz.  THE TEST
(oPTiONAL) 22/“ '/“F CiRcuIT o wAS [.3KHe.

INFRARED REMOTE CONTROL SYSTEM

TRANSMITTER RECEIVER
+¢z -Uq
S L
g] 4] R3 L R 100K 4
10 3 RS
Rt R1 K
10K, 555 INFRARED LOOK RY SIGH
Lep * 10K
R2 “
1.1K b 2
G R2 Lt
Cli AuF 1K 2]+ / o3
BIuF '] *RADIO SHACK PHOTO- ’[ T c4 .
276 -142 TRANS|STOR . , '/‘F 22 I»F| ok 7o
= ADJUST RI UNTIL (RADIO SHACK RANGE.© SEVERAL INCHES. L USE GV
RECE\WWER LED Glows. 276-130) USE LENSES TO INCREASE. = RELAY.
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TONE DECODER (:onTinuen)
S67

2-FREQUENCY OSCILLATOR 2-PHASE OSCILLATOR

+9

™ *,? 1K
I——/"‘M i 5| = SHIFT
5 3.98] KH, & g0

oK
5] -\L__J\M__{ 5-voLT

10K I K T~ 1K SQUARE WAVE

(lKH'.:)

:14 ~
(n
0y
~

W

s‘lv Jw
n
&
~J

n

||l

-[__V
f

LATCHING THE 567 OUTPUT

Re

BOTH cCircuiTs NN
SHow ONLY j a2 2 4]
THE LATCH ING Y INgy !
COMPONENTS. 567 5¢e¢7 o <« 3 o RESET
Re IS THE pusH o2k | £ 4/
22K .

>+

Loap (LED, L 74 Yot L=0OFF

RELAY, eTC.). ' RESET : ) o H=RESET
+

*ouTPuT  STAYS I § G

ON EVEN AFTER L s

INPUT Tomg IS =  MANUAL RESET V30 LOGIC RESET

REMOVED.

NARROW BAND FREQUENCY DETECTOR

+— o FREQLUENCY IN

= ADIUST RI AND
R2Z TO RESPOND
TO CLOSELY SPACED
537 B FREQUENCIES. LEDs

| AND 2 wiLL Glow
/R’L IF  FREQUEMCY IS
2K~20¥K RHlGH OR LOw.

LED 2 witL GLow
WHEN THE INPULUT
2l+ | rRequemcy IS

lﬂF} "ﬂq\ CENTERED
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VOLTAGE-TO-FREQUENCY

FREQUENCY-TO-VOLTAGE 1Teans A Vop
CONVERTER FINER Fria
ADJu ST NOTE UMNUSUAL
qqoo (276-'770) ITin % LOCATION ofF [ AMPLIFIER
POWER SUPPLY our

Vss ] Pins, Il comMPARATOR
IN VOLTAGE~TO - FREQUENCY (V-F) = IN
MODE, AN INPUT VOLTAGE WHICH Veer ouT 2] 10 FREQ:2Z OuT
HAS BEEN CONVERTED INTO A
CURRENT BY A RESISTOR AT PIN GND _ﬂ 9 outPuT
3 IS TRANSFORMED INTO A CO M MON
PROPORTIONAL FREQUEMCY. IN Veer 7 |8  PULSE FREQ.
FRE QUENCY — TO—- VOLTAGE MODE A ouT
FREQuUENCY AT P Il IS CONVERTED
INTO A PROPORTIONAL VOLTAGE . CAUTION: THIS CHIP INCORPORATES
THRIS CHIP CAN BE OPERATED BoTH BIPOLAR  AND CMOS CIRCUITRY.
FRoM A SINGLE OR DUAL POLARITY THEREFORE cCros IHANDLING
POWER  SUPPLY, PREcCAvUTIONS MuST BE FOLLOWED

TO AvoID PERMANENT DAMAGE.

BASIC V/F CONVERTER FSK* DATA TRANSMITTER

+9-/5 +9
A R2 100K 1 DUAL
s - FREQUENCY : FREQUENCY
ouT m ouT
R3 g R4 E ng r
IM 33K A W) = i 33K M__lio
z CONTROLS 2
FREQUENCY
- —
RS
33K 9400 R3 RS 9400
100K é 33K
= V/F L V/F
- BINARY IN ]
! 1
12 r
Ri
R2 L 5 M L) S
M 7= o] TR
i _ E E
¢l c?2 ci c2
RI oopF wrpF T 4L 79 .oonF4tpF '<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>